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Readi-Cast® 
Plaster-of-Paris 
Bandages 

and Splints 
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STRONG: Good early (green) cast 
strength approaching 400 Ib per 
sq inch after one hour, depending 
on size of cast. 


NEAT: Plaster goes on the patient— 
not on you or the floor. 


FAST: Both Extra-Fast and Fast- 
Setting Readi-Cast wet throughout 
in 5 seconds for a smooth, creamy, 
easy-to-mold application. 


Your Parke-Davis Medical-Surgical 
Representative can help you with 
a trial order. 


PARKE, DAVIS & COMPANY 
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Detroit, Michigan 48232 
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‘ Space Age Microbicidal Powel 


} 
For optimal preoperative skin degerming —BETADINE Surgical Scrub. Chosen 
by NASA for Apollo 11/12/14 splashdowns, BETADINE Surgical Scrub provides 
a golden microbicidal lather for prepping the operative site... kills both gram- 
positive and gram-negative bacteria (including antibiotic-resistant strains), fungi, 
viruses, protozoa and yeasts... promptly achieves full microbicidal effect with 


each usage. (In the rare instance of local irritation or sensitivity, discontinue use 
in the individual.) 
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To enhance antisepsis— BETADINE Solution or BETADINE Aerosol Spray. After 
initial prepping with BETADINE Surgical Scrub, paint the operative area with 
BETADINE Solution (chosen by NASA for the Skylab mission), or spray with 
BETADINE Aerosol Spray...both are fully microbicidal and film-forming... 
maintain microbicidal activity in the presence of blood, pus and serum...treated 
area may be bandaged, taped or covered by a cast. 


To help maintain postoperative antisepsis—Reapply BETADINE Solution or 
BETADINE Aerosol Spray after suturing and during redressing. BETADINE 
microbicides are virtually nonirritating and do not stain skin and natural fabrics. 
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BETADINE Antiseptic Gauze Pad — 


Topical microbicidal dressing (3” x 9”) 
` mpregnated with the same active ingredient as in BETADINE 





Solution... for prevention and treatment of surface infections 


.degerming the skin and disinfecting wounds ourns, 
lacerations and abrasions. 







BETADINE 
Solution Swabsticks 


Anisaptie applicator tips for 
hard-to-reach smaller sites, in- i aa 
cluding folds and creases. Use for | =œ 
degerming the skin prior to injec- 
tions, aspirations, Surgery, urj- 
— nary catheterization; in disinfection of skin 
Solution in minor wounds; in preoperative oral tissy 
SWAB. AID 
degerming: preparing skin for dressing c hadaes 






BETADINE 
Solution Swab Aid 


Small single-use antiseptic pad for prompt cejerming of 

` small skim areas prior to such procedures as injections 
aspirations, catheterization and surgery .. . and in cuts 
minor wounds, burns, lacerations and abrasions 
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Painful gas accumulation in the gut, due to altered 
intestinal motility, aerophagia and increased salivation, 
often complicates surgical aftercare. 

To help avoid or dispel the acute discomforts of 
post-op pain in the gut, Phazyme provides simethicone, 
“...an effective, safe and simple method of preventing 
abdominal distention, gas pain and reducing the incidence 
of ileus.”!* 


Phazyme’s unique dual-phase action releases 
LOY ome. of specially-activated simethicone initially to 


Acna 





Phazyme 








— the stomach for immediate dis ersion of entrapped gas. 
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The protected inner core delivers an additional 
40 mg. of specially-activated simethicone to relieve 
pain of entrapped gas throughout the lower G.I. tract. 

Phazyme also provides 240 mg. of pancreatin 
directly to the small intestine to help assure normal 
digestion. 

And Phazyme is safe... no systemic effects...no 
untoward reactions... no contraindications other than 
known allergy to an ingredient. 


1. Gibstein, A., et al.: Prevention of postoperative abdominal distention 
and discomfort with simethicone, Obstet. Gynecol. 38:386, Sept. 1971. 
"Italics ours, i 
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PRESERVE and PROTECT 
YOUR COPIES OF 
ANNALS of SURGERY 


Now, your journals can become a hand- 
some addition to your professional library. 


These file boxes are designed and cus- 
tom-made to keep your copies orderly, 
readily accessible and clean. 


Durable book-binder’s board covered 
with scuff-resistant, washable Leathertex. 
Lettering embossed in 23-Karat gold leaf. 





























Jesse Jones Box Corp. (since 1843) | THE HOLLISTER DRAINING-WOUND 
Dep't. JBLA—Phila., Pa. 19141 MANAGEMENT SYSTEM 
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What's wrong with this“patient”’?” . 





GASTRIC ANALYSIS 


BASAL POST -HISTALOG 
mEq mEq 

4 15 min. 4 

5 30 min. 5 

5 45 min. 6 

4 60 min. 5 

BAO = 18 mEq/hr. MAO = 20 mEq/hr. 

BAO /MAO = 18/20 = 0.9 : o 


SERUM GASTRIN 1100 picogram/100 ml 


- - 
= 
* t 3 4 


(NOTE: Diagnostic signs from several 
patients are combined.) 





Supplementary 
vitamins in 
gastrointestinal 
disorders 


Loss of appetite. Prolonged gastric When nutritional 
isc zeg lv iting. ‘ — . i 
discomfort. Nausea and vomiting supplementation iS indicated in 


Obstruction. Inefficient digestion and 


absorption. Self-imposed dietary gastrointestinal disorders 


restriction — beyond that which you m 
may have prescribed. One or more of BEROCCATABIES 






these factors may deprive your Gl 
patient of adequate nutrition and may 
result in a vitamin deficient state. 
Whether administered long-term 
or short, therapeutic Berocca Tablets 





_ provide balanced B-complex and C vita- With balanced, high potency Æ & 
è t ] tinade te dietary vitamin B-complex and 500 mg vitamin C 
mins to supplement ma qua ary Virtually no odor or aftertaste 
supply. In addition, each Berocca Low priced Rx formula 
Tablet furnishes 500 mg vitamin C, an «Diagnosis appears on next page. 
aid in nutritional deficiencies related to See next page for summary of Product 


chronic gastrointestinal disorders. Information. 





DIAGNOSIS: Zollinger-Ellison 
Syndrome is revealed in these 
illustrations: (A) Endoscopic view 
showing multiple marginal ulcers: 
(B) Gastric provocation secretion 
studies showing high basal secre- 
tion rate with marginal increase on 
HISTALOG provocation and 
elevated serum gastrin; (C) Lymph 
node biopsy showing pancreatic 
islet alpha-cell tumor spread; 

(D) Barium meal showing a 
duodenal ulcer. 


Please see complete product information, 
a summary of which follows: 


Each Berocca Tablet contains: 
Thiamine mononitrate 


(Vitamin B))..... 15 mg 
Riboflavin (Vitamin Bə) 15 mg 
Pyridoxine HCI (Vitamin Be) 5 mg 
Niacinamide...... . 100 mg 
Calcium pantothenate 20 mg 
Cyanocobalamin (Vitamin B192) 5 mcg 
Folic acid : 0.5 mg 
Ascorbic acid (Vitamin C).. . 500 mg 


Indications: Nutritional supplemen- 
tation in conditions in which water- 
soluble vitamins are required 
prophylactically or therapeutically. 
Warning: Not intended for treatment 


of pernicious anemia or other primary 


or secondary anemias. Neurologic 
involvement may develop or pro- 
gress, despite temporary remission 
of anemia, in patients with perni- 
cious anemia who receive more than 
0.1 mg of folic acid per day and who 
are inadequately treated with 
vitamin Bj». 

Dosage: | or 2 tablets daily, as indi- 
cated by clinical need. 

Available: In bottles of 100. 


ROCHE LABORATORIES 
Division of Hoffmann-La Roche Inc 
Nutley, New Jersey 07110 


WOUND DRAINAGE IS TRAPPED INSIDE 
ODOR-BARRIER, TRANSLUCENT COLLECTOR 
FOR VISUAL ASSESSMENT AND 
ACCURATE MEASUREMENT 


“THE HOLLISTER DRAINING-WOUND 
MANAGEMENT SYSTEM 


KEEPS FLUIDS AWAY FROM 
PATIENT'S SKIN AND GUARDS AGAINST 
IRRITATION AND CONTAMINATION 
skin-conforming Karaya Blanket protects skin around 


wound site... directs discharge into Collector. There are 
no messy, wel dressings to handle 


View wound site through Access Cap. Remove cap for 
wound examination and drain tube adjustment. There is 
no need for painful dressing removal 


supplied sterile, for application in O.R. or patient's 


The better altemative 
to absorbent dressings 
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‘In serious respiratory 
tract infections 


xdue to susceptible microorganisms 








ANCEF IV 


+» meets the challenge 





e With 93% efficacy in respiratory tract infections. 
In clinical trials, '‘Ancef' produced good or excellent responses* in 93% of 377 
patients with respiratory tract infections due to susceptible organisms (See 
Indications section of brief summary for list of organisms). 


e With high and prolonged serum levels. 
Following single 1 gram IV injections in healthy adult volunteers. ‘Ancef' pro- 
duced average peak serum levels of 190.0 mcg/ml. At four hours. levels of 16.5 
mcg/ml were still present. 


e With a low risk of phlebitis at the IV injection site. 


Of 273 patients receiving ‘Ancef' intravenously, 6 patients or 2.2% reported 
phlebitis at the injection site. These data were derived from pre-marketing 
clinical studies in small populations. While further clinical experience may reveal 
a greater incidence of adverse effects, it should be noted that the incidence of 
known phlebitis has not increased with over a year's clinical experience since 
introduction. 


e With no reported nephrotoxicity. 
(Transient rise in SGOT, SGPT, BUN and alkaline phosphatase levels has been 
observed without evidence of renal or hepatic impairment.) 


e With the flexibility of IV or IM administration. 


Adverse Reactions 

Adverse reactions reported in clinical trials included pain on injection, rash, G.| 
symptoms, pruritus, and phlebitis. For a complete list of adverse reactions 
reported with ‘Ancef' therapy, please see next page. 

Warning: In penicillin-allergic patients, cephalosporins should be used with great 
caution because of evidence of partial cross-allergenicity. 


“(Excellent response: Initial improvement at 1-3 days with maximum improvement between 3-7 days 
Good response: Initial improvement at 2-4 days with maximum improvement between 4-10 days 
Results collected from identical clinical protocols.) 


See next page for a brief summary of the prescribing information. 





CEFAZOLIN SODIUM 


Injection: 250 mg, 500 mg and 1 gram vials 
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meets the challenge, IV or IM 


Before prescribing, see complete prescribing information in 
SKA&F literature or PDR. The following is a brief summary 


DESCRIPTION 

Ancef® (sterile cefazolin sodium, SK&F) is asemi-synthetic 
cephalosporin for parenteral administration it is the sodium salt 
of 3- |[(5-methyl-1, 3, 4-thiadiazol-2-y!) thio] methy!)-8-oxo-/- 
[2-(1H-tetrazol-1-yl) acetamido] -5-thia-1-azabicyclo|4 2.0) oct- 
2-ene-2-carboxylic acid. The sodium content is 46 mq per gram 
of cefazolin 


ACTIONS 

Microbiology: In vitro tests demonstrate that the bactericidal 
action of cephalosporins results from inhibition of cell wall 
synthesis. Ancef is active against the following organisms 1n vitro: 


Staphylococcus aureus (penicillin-sensitive and penicillin- 
resistant) 


Group A beta-hemolytic streptococci and other strains of strep- 
tococci (many strains of enterococci are resistant) 


Streptococcus pneumoniae (formerly Kiebsiella species 

D. pneumoniae) Enterobacter aerogenes 
Escherichia coli Hemophilus influenzae 
Proteus mirabilis 


Most strains of Enterobacter cloacae and indole positive Proteus 
(P. vulgaris, P. morgani, P. rettgeri) are resistant Methicillin- 
resistant staphylococci, serratia, pseudomonas, mima, herellea 
species are almost uniformly resistant to cefazolin 


INDICATIONS 

Ancef (sterile cefazolin sodium, SK&F) is indicated in the treat- 
ment of the following serious infections due to susceptible 
organisms 


Respiratory tract infections due to Streptococcus pneumoniae 
(formerly D. pneumoniae), Klebsiella species, Hemophilus 
influenzae, Staphylococcus aureus (penicillin-sensitive and 
penicillin-resistant), and group A beta-hemolytic streptococci 


injectable benzathine penicillin is considered to be the drug of 
choice in treatment and prevention of streptococcal infections, 
including the prophylaxis of rheumatic fever ‘Ancef is effective 
in the eradication of streptococci from the nasopharynx. however, 
data establishing the efficacy of Ancef in the subsequent preven- 
tion of rheumatic fever are not available at present 


Genitourinary tract infections due to Escherichia coll, Proteus 
mirabilis. Klebsiella species, and some strains of enterobacter 
and enterococci 


Skin and soft-tissue infections due to Staphylococcus aureus 
(penicillin-sensitive and penicillin-resistant) and group A Deta- 
hemolytic streptococci and other strains of streptococci 


Bone and joint infections due to Staphylococcus aureus 


Septicemia due to Streptococcus pneumoniae (formerly D. 
pneumoniae), Staphylococcus aureus | penicillin-sensitive and 
penicillin-resistant), Proteus mirabilis, Escherichia coli, and 
Klebsiella species 


Endocarditis due to Staphylococcus aureus (penicillin-sensitive 
and penicillin-resistant), and group A beta-hemolytic streptococc! 


Appropriate culture and susceptibility stucies should be per- 
formed to determine susceptibility of the causative organism to 
Ancef 


CONTRAINDICATIONS 
Ancet is contraindicated in patients with known allergy to the 
cephalosporin group of antibiotics 


WARNINGS 

IN PENICILLIN-ALLERGIC PATIENTS, CEPHALOSPORINS 
SHOULD BE USED WITH GREAT CAUTION. THERE IS 

* CLINICAL AND LABORATORY EVIDENCE OF PARTIAL CROSS- 
ALLERGENICITY OF THE PENICILLINS AND THE CEPHALO- 
SPORINS, AND THERE ARE INSTANCES OF PATIENTS WHO 
HAVE HAD REACTIONS TO BOTH DRUG CLASSES (INCLUD- 
ING FATAL ANAPHYLAXIS AFTER PARENTERAL USE) 


Any patient who has demonstrated some form of allergy par- 
ticularly to drugs, should receive antibiotics, including Ancef 
(sterile cefazolin sodium, SK&F) cautiously and then only when 
absolutely necessary. Serious anaphylactoid reactions require 
immediate emergency treatment with epinephrine Oxygen, 


intravenous steroids, and airway management, including intuba- 
tion, should also be administered as indicated 


Usage in Pregnancy: Safety of this product for use during preg- 
nancy has not been established 


Usage in Intants: Safety for use in prematures and infants under 
1 month of age has not been established 


PRECAUTIONS 

Prolonged use of cefazolin sodium may result in the overgrowth 
of nonsusceptible organisms. Careful clinical observation of the 
patient is essential 


When ‘Ancef' is administered to patients with low urinary output 
because of impaired renal function, lower daily dosage is required 
(see dosage instructions). A false positive reaction for glucose in 
the urine of patients on ‘Ancef has occurred with Clinitest® tablets 
solution 


ADVERSE REACTIONS 
The following reactions have been reported 


Hypersensitivity: Drug fever, skin rash, vulvar pruritus, and 
eosinophilia have occurred 


Blood: Neutropenia, leukopenia, thrombocythemia and positive 
direct and indirect Coombs tests have occurred 


Hepatic and Renal: Transient rise in SGOT, SGPT, BUN and 
alkaline phosphatase levels has been observed 


Gastrointestinal: Nausea, anorexia, vomiting, diarrhea, oral 
candidiasis (oral thrush) have been reported 


Other: Pain at site of injection after intramuscular administration 
has occurred, some with induration. Phlebitis at site of injection 
has been noted 


DOSAGE AND ADMINISTRATION 
Ancef’ may be administered intramuscularly or intravenously 
after reconstitution 


Dosage 

in adults, usual dosage for pneumococcal pneumonia is 500 mg 
every 12 hours. In acute, uncomplicated urinary tract infections, 
usual dosage is 1 gram every 12 hours. In mild infections caused 
by susceptible gram+ cocci, usual dosage Is 250 to 500 mg 
every 8 hours. In moderate to severe infections, usual dosage is 
500 mg. to 1 gram every 6 to 8 hours. ‘Ancef has been adminis- 
tered in dosages of 6 grams per day in serious infections such as 
endocarditis 

'Ancef' may be used in patients with reduced renal function with 
the following dosage adjustments: Patients with a creatinine 
clearance of 55 mi./min. or greater or a serum Creatinine of 

1.5 mg. % or less can be given full doses. Patients with creatinine 
clearance rates of 35 to 54 mi./min. or serum creatinine of 1.6 

to 3.0 mg. % can also be given full doses, but dosage should be 
restricted to at least 8-hour intervals. Patients with creatinine 
clearance rates of 11 to 34 mi./min. or serum creatinine of 3.1to 
4.5 mg. % should be given 1/2 the usual dose every 12 hours 
Patients with creatinine clearance rates of 10 mi./min. or less or 
serum creatinine of 4.6 mg. % or greater should be given 1 /2the 
usual dose every 18 to 24 hours. All reduced dosage recom- 
mendations apply after an initial loading dose appropriate to the 
severity of the infection 


in children. a total daily dosage of 25 to 50 mg. per kg. (approx- 
imately 10 to 20 mg. per pound) of body weight, divided into 
three or four equal doses, is effective for most mild to moderately 
severe infections. Total daily dosage may be increased to 100 mg 
per kg. (45 mg. per pound) of body weight for severe infections 
Since safety for use in premature infants and in infants under 
one month has not been established, the use of Ancef in these 
patients is not recommended 


For additional information on dosage and administration, see 
package literature or contact your SK&F Representative 


HOW SUPPLIED 
Ancef® (sterile cefazolin sodium, SK&F)—supplied in vials 
equivalent to 250 mg., 500 mg., and 1 gram of cefazolin 


Smith Kline & French Laboratories 
Division of SmithKline Corporation, Philadelphia, PA 19101 
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- Why: 


, è Why pHisoHex’ ? 
pHisoHex contains 3% hexa- 


chlorophene with cumulative 
antibacterial action on the 
hands, unique among anti- 
bacterial agents. 

Why is this important? 
pHisoHex continues to protect 
during the interim between 
scrubs if used regularly as 
directed. 

Is there an alternative? 
While more frequent washing 
with other agents is an alter- 
native, it is not a practical one 
for prolonged surgery. 

But there’s no need for an 
alternative! 

Nonalkaline, hypoallergenic 
À pHisoHex is clearly indicated 
for staphylococci and other 
gram-positive bacteria as a 
bacteriostatic hand cleanser 
and surgical scrub. Rinse 


thoroughly after use. 


pHisoHex® Germatoses, are particularly susceptible to hexa- pHisoHex is intended for external use only. if swai- 
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Sequential Changes in Cerebral Blood Flow and Distribution Of 


Flow Within the Brain During Hemorrhagic Shock © 


Sequential changes in cerebral blood iaw as well as in in regional 


` blood flow to the brain (brain stem, cerebellum, hypothalamus, 


white matter and grey matter) were measured in unanesthetized 


' dogs subjected to gradual prolonged hemorrhage according to a 


protocol which stimulates the most commonly encountered type 


of clinical hemorrhagic shock. Microspheres labeled with five - 


different radioactive isotopes were injected into a left. atrial 
catheter at five different times: control, early hypotension 


(immediately after hemorrhage), late hypotension (just before.. 
reinfusion of the shed blood), as well as one and eight hours. 
after reinfusion of the shed blood. Immediately ` after 
hemorrhage, the total cerebral blood flow decreased slightly, but ` 


increased when calculated as a percent of the cardiac output. In 
the late hypotensive, hypovolemic stage, ‘there was decreased 


flow calculated both as percentages of cardiac output and ab- 
solute flow as compared with the initial response to hemorrhage. . 
Immediately after reinfusion of the shed blood, there were ` 


further reductions of flow. Eight hours subsequéntly, flow rose to 


‘values slightly above control. The patterns of each region was | 
almost identical to that of the total cerebral flow. Since each of. 


the major regions of the brain are approximately equally 
affected, changes in the level of consciousness and other 
cerebral functions occurring with hypovolemic shock may 
reflect circulation of the white matter as well as that of the 
whole brain. 


Gi ees DIFFICULTIES in the measurement of 


cerebral blood flow have made this organ one of the 
most difficult areas to study. The classical method for deter- 


mining cerebral blood flow was developed by Kety and 


Schmidt? who used a modification of the Fick principle 
with nitrous oxide, an inert gas, as the indicator. Subse- 
quent investigations'**“ introduced isotopically labeled in- 
ert gases, such as *Kr and *Xe, to measure cerebral blood 
flow. By placing several collimated gamma connecters out- 
side the skull, simultaneous tissue washout curves were con- 
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structed after arterial injection of the- aioe. ‘gas: 
Analysis of tissue washout curves were used to. calculate * Fiat 
regional blood flow as well as white and grey matter, blood. 


i w 
ARA Pre 


flow. eis hes Ss — 
Other methods for measuring cerebral blood: low hve * 


TAi 


included the measurement of the fraction uptake of — — 


‘labeled eres ney one: 15 the use of electromagnetic and ul- 


Y. 
bafi 


trasonic flow meters;?? and the use of heated thermocouples ... 
to measure blood flow by a thermal indicator» dilution : 
technique." ae Aa S 
Rudolf and Heym introduced the use of adioa 
labeled microspheres. to- study the distribution of cardiac 
output and regional blood flow. Several investigators bave -~ 


demonstrated the validity of this method for ‘measuring ` 


blood flow.*? In the present study, we have “used: this’: 


method to estimate the. cerebral circulation: ‘of: the: uns.. 


anesthetized dog. The sequential changes in the total blood, 


flow, as well as regional flow to the brain during the: ‘course | 
of graded hypotension and recovery were observed. ’ 


Materials and Methods — 


The experiments were performed on 14 mongrel — a 


_ weighing 18-22 kg. A polyethylene catheter was placed in ~ > 


the left atrium through a small thoracotomy one week prior ~ = 
to the experiment. Catheters were placed in the thoracic. > 


aorta and right atrium under local anesthesia on the day of J 


the experiment. The animal was then placed in a Pavlov: x 
stand and the experimental protocol was begun. . 
The catheters were attached to statham P28Dd pressure 
transducers and the pressures were recorded on an Offner 
Dynograph. The indicator dilation technique with in- 
‘ e 
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docyanin green was used to measure cardiac outpu-. A 
.. Gilford photodénsitometer was used to measure indocyanin 
*. green ‘concentrations in the arterial blood. The Steward- 


Hamilton formula — used to calculate the cardiac ouspit 


from the-dye curve.! 

Theéẽ protocol for — shock in the — has been 
. repoxted. in. detail." A schematic representation of the 
"protocdl is shown in Fig. l. After contro] measurements 
k blood y was. slowly removed over a three hour period unti. the 
— nen: arterial ‘pressure reached 50 mm Hg. The pressure 
E a was? maintained at this level by removing or reinfusing small 
* amdunts of.shed blood. The blood was kept in sterile plastic 
$ plood ‘transfusion ‘bags using heparin-as the anticoagu ant; 
ee “athe. blood » was. tewarmed prior to infusion., After it was 
“Agtessary. ‘to. feturn 20%. of the shed blood to the dcg to 
$ <qmaintain its ‘pressure at 50 mm Hg, the remainder ot the 
os wilood was infused over one hour:-Six dogs were sacri-iced 
Ashen they had survived 40 hours after transfusion; five dogs 

digd” ‘during. the hypotensive period. 

At five different times during the protocol radioaztive 
microspheres were injected through the left atrial catheter 
Mg. 1). At the time of each injection, cardiac output as well 
-as intravasctilar pressures were recorded. _ 

- The microspheres (3M Company) used were labeled with 

TE five different isotopes: ‘Ce, Sc, Sr, Cr and I. The 
sy “thigrospheres were 15 + 5y in diameter; specific activities 
ae “were about 10 mCi/g, except for Cr which was 52 mi/g. 
x A — — 0.025-0.05 mCi of each isotope was injected 
aor each: measurement. 

ARET. death or sacrifice of the animals autopsies were per- 


ae a 


` a 


P - formed: andthe brain was removed from the skull and studied. The general pattern of each region is almost iden- 


pa As 


* 2 weighed. By: gross dissection samples were taken af the 
` fellowing: ‘areas: brain stem, cerebellum, hypothalemus, 


Aat te” ` 
ECE 
+ 


HYPOTENSION POST TRANSFJSION 


| fa F 


B LATE D, D, 


3 iy —* CONTROL 







MEAN ARTERIAL PRESSURE 


“ok fa 
p 12 HOURS 19 


Fic. l The — — mean — pressure and blood-volume 
- changes during the experiment. The labeled microspheres were infected at 
the time indicated by the arrows: control period (A), early hypoteasion (B 
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hours post transfusion (D8). 
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white matter and grey matter. Each sample + was weighed, 
placed in the lower third of a six-inch test tube and assayed e 
on a Picker well-tvpe. scintillation spectrometer with dual. 
channels. The counting was done at five different energy 
levels, previously determined for optimal separation of 
various isotopes. Each: radio assay was: corrected for the 
radio- -activity of the other isotopes using appropriate stan- 
dards and a formula similar to the one described by Hucout 
and Heyman.” 

The CPM/Gram for the. whole brain and for cadh in- 
dividual area were averaged and divided by the injected 
dose for each isotope. The results represented the percent of 
the cardiac output per gram of tissue. The percent cardiac 
output to the brain was obtained by multiplying the above 
value by the total organ weight. The absolute flow was ob- 
tained by multiplying percent cardiac output by the cardiac 
output as measured by dye dilution. . 


Results 


The values for ‘ie sysetmic cardiac output. as well as the 
cerebral blood. flow, expressed as a percent of cardiac ouput 
and as the absolute blood flow to the brain, at each of the 
time periods studies are shown in Fig. 2. There was a marked 
rise in the cerebral blood flow as a percent of.cardiac out- 
put in the early hypotensive period, but a slight fall in the 
late hypotension period; there was a large decrease one’ 
hour after transftision to near control values. The eight hour 
post-transfusion value was slightly above control. 

_ Figure 3 summarizes the data for the regional distribu- 
tion of cardiac output to the different areas of the brain 


tical to that of the total brain. Each area differs only, in ab- 
solute value of percent cardiac output with the grey matter 
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Fic. 2. The mean systemic cardiac output (+ one standard error of the 
mean); the percent of cardiac output to the brain (+ 1 standard error of — 
the mean); and the total blood flow to the brain ( + 1 standard error of the — 
mean); at each stage of the experiment. 
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Fic. 3. The percent cardiac output (per gram of tissue) to various parts of 
the brain at each stage of the experiment. 


having the highest percentage and the medulla having the 
_least of those areas examined. The ratio of grey matter to 
white matter in the control period was 1.84: 1. 

The arterial blood gas data is presented in Figure 4. 
There. was little change in the arterial oxygenation. The 
arterial pCO, decreased during the hypotensive period and 
then returned towards normal after transfusion. , 


. Discussion 

The response of the cerebral circulation to hemorrhage 
hypotension has been reported by several investigators *° 
as well as ourselves.'® There was a rise in the percent cardiac 
output to the brain and only a modest reduction in the ab- 
solute blood flow. This pattern is thought to occur mainly as ` 

a passive phenomenon in which a larger proportion of the 

total blood flow goes to the brain because of the increased 

“ resistance to flow in those organs sensitive to alpha adrenergic 
activity; that is, the gastrointestinal tract, kidney, spleen 
and skin.* The circulation to the brain has been shown to 
respond poorly to catecholamines.‘ 

The fall in arterial pCO, that resulted from hyperventila- 
tion in the animals would be expected to produce cerebral 
vasoconstriction with decreased cerebral blood flow.*® It is 
likely that the systemic acidosis, secondary to poor tissue 
perfusion, and the concomitant fall in extracellular cerebral 
pH was a significant factor in increasing cerebral blood 
flow.' Arterial oxygen tension did not change appreciably 
and probably was not an important factor in this study. 

_ The decrease in the percent of cardiac output to the brain 
between the early and late hypotensive stages, although still | 
above control values may have been due to a decrease in the 
neurohumoral responses in this period.»”! The effect of an 
even lower arterial pCO., with a rise in arterial pH, 
represents respiratory compensation for systemic as well as 

~ cerebral acidosis; this may have contributed to the fall in 

cerebral blood flow. 
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Fic. 4. Blood gas values. The mean + 1 standard error al the mean for: 
arterial pO., pCO,, pH, oxygen content. ia 


After the return of blood volume to the aama hë per —* ca a 
cent of cardiac output to the brain decreased to near. control s; i 
values. This reflects the redistribution of blood to areas’ of £. 
the body where resistance decreased in response to transfu-- > z * 
sion. Since arterial pCO, values increased only slightly. after.” 
transfusion, this could not be the major regulatory © 
mechanism operative at this stage. AS 

The basic patterns in the redistribution of cardiac opa 
and regional blood flow in each anatomic area of the brain 
studied were approximately the same from period to period.: ` 
Each area differed only in the absolute quantity of blood 
flow and not the percentage of cardiac output. This would 
imply that the mechanisms regulating flow to the brain in 


ES 


the dog are similar in each aréa. The ratio of grey matter 
flow to white matter flow remained relatively corstant 
throughout the study. The ratio of slightly less than 2:1 is 
less “than that reported, both by Roth et al.” using 
“inicrospheres ‘and by those using the ®Kr clearance techni- 
.que;’ however, this disparity may be due to differen2es in 
the techniques .of anatomic dissection. 

“The-data are consistent with the view that circulatory 
_¢hanges to the major segments of the brain are reletively 
‘equally affected and that major redistributions of flow Favor- 
ing:thé brain stem or other primitive areas do not occur un- 
¿dér the ‘conditions of these experiments. This sugges-s that 
the : degree of cerebral impairment associated with the 
“hypovolemic , low cardiac output state may reflect ‘ts cir- 
culatory status. -and that manifestations of cortical fumction 
“thay tie a useful index of the circulation of the whole brain. 
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Hepaticogastrostomy:: 


* 
* » 


Ulcerogenic Preparation or Therapeutic Alternative . 


Recent laboratory and clinical studies have implicated bile salts 
in the pathogenesis of gastric ulceration. Common hepatic duct 
to stomach anastomosis results in total diversion of bile to the 
stomach and has been utilized at the Lahey Clinic occasionally 
for bypass of the obstructed common bile duct in difficult 
technical situations where conventional procedures were deemed 
prohibitively difficult. Of seven patients undergoing hep- 
aticogastrostomy, two had upper gastrointestinal bleeding in 
followup. One of these patients had documented esophageal 
varices and stopped bleeding after splenorenal] shunt. The other 


had massive sepsis which predisposed him to gastric ulceration. 


From this small series it is clear that the entire biliary output of 
the liver can be shunted into the stomach without greatly 
increased risk of clinically significant gastric ulceration. 
Hepaticogastrostomy provided relief from jaundice in all but 
one of the seven patients in the series and remains an occasion- 
ally useful procedure. These data indicate that diversion of the en- 
tire flow of bile from the liver into the stomach does not cause 
gastric ulcers. 


occasionally been uti- 


S a has 
lized in the Lahey Clinic operative experience with 


‘bypass of biliary obstruction. The patients treated with this 


procedure have, for various anatomic reasons, been un- 


suitable for anastomosis of the proximal hepatic duct to 


either the distal duct, jejunum, or duodenum, all of which 
we have considered preferable.” 
An analysis of the results will be helpful to a surgeon con- 


‘templating performing this procedure. This is especially 


true because of recent clinical and laboratory studies which 
suggest that bile is extremely damaging to the gastric 
mucosa. Bile salts have been shown to disrupt the gastric 
mucosal barrier to hydrogen ion,‘ to release gastrin from the 
antrum and thereby increase gastric acidity,® and, indeed, 
to produce gastric ulceration in shocked experimental 
animals.® Clinical studies showing increased pyloric reflux in 
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patients with gastric ulcers further implicate bile’ in the 
cause of gastric ulceration.*” 

It might be predicted from these studies that“ hép- 
aticogastrostomy would lead to almost certain gastric: ul- 
ceration and, thereby, be entirely unacceptable. as. EJ 
therapeutic alternative for the treatment of. biliary: obstrucy a : 
tion. Ne eg N, Se 


Methods | * * 

A search of the records of the Lahey Clinic T {js a 
associated hospitals yielded a total of seven: ‘patients: ‘who 
had had hepaticogastrostomy. No specific numériéal: eode E J 
for hepaticogastrostomy had been used in record keeping; 
therefore, the chart search was difficult, and it is ‘probable. - 
that more patients with hepaticogastrostomy exist'thah were 
found in this study. Variations in the procedure : were 
accepted only if it could be assured that the biliary tract’ was. 
drained exclusively and permanently into the stomach. 
Procedures for distal obstruction when the distal tracts were 
left intact and, therefore, might conceivably regain function 
were excluded. 

The efficacy of the procedures in relieving biliary obeas 
tion was judged satisfactory if serum bilirubin values fell 
dramatically after operation either to normal values or 
values consistent with underlying liver disease. The 
procedures were rated unsatisfactory if bilirubin values did: 
not fall. 

The occurrence of peptic ulceration after operation was . 
determined by the usual clinical criteria. A retrospective . 
survey of patients’ records was conducted. The signs and 
symptoms relating to hemorrhage, perforation, and obstruc- - 
tion were sought both during the postoperative hospital stay 
and in followup clinic visits. Upper gastrointestinal tract 
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6 
barium studies were performed on two of the patients dur- 
ing the postoperative period. 


— 


Results 


Seven patients, four men and three women, fit the criteria 
for inclusion in this report. Six patients were operated om at 


the: ‘Lahey Clinic; three patients had benign obstruction and 
- . thrée-had malignant obstruction. These patients rangec in 


a age from 48 to 76 years. One patient had the procedure per- 


- formed. elsewhere for a congenital anomaly at age 3 monzhs, 


ar : and t revision was carried out at the Lahey Clinic. The period 


_.of followup for the patients who survived the postopera-ive 


period:tanged from four months to 21 years with no patients 


lost to followup. (Table 1). 
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; Ta — Case Reports 
Cae i. A 6-year-old; man had had cholecystectomy at another hospital 
“(November 1967) for a perforated, acutely inflamed gallbladder. After 
_. operation’ ‘the patient had intermittent attacks of jaundice with chills and 
fevér, The serum bilirubin level was 1.3 mg/100 ml on admission to the 
. Lahey .Clinic. At exploratory laparotomy, massive adhesions were en- 
countered.. The proximal common hepatic duct was identified with difficulty, 
and the nature of the distal obstruction was:not determined. Neithe the 
jejunum nor the duodenum could be brought up for anastomosis because 
of massive adhesions, obesity, and short fat mesentery. The stomach was in 
close apposition to the proximal hepatic duct and hevaticodochoga. tros- 
tomy.was performed. The serum bilirubin level fell to 0.4 mg/100 mL and 
_the:patient's, postoperative and subsequent course has been benign until 
the’ Present't time. å: postoperative upper gastrointestinal tract barium eries 
A March 11970)" ‘showed the stomach free of ulcers and the hepatico- 
gastigstomy: — 
cand, had “gholecystojejunostomy Saal at another hospita for 
“unresectable carcinoma of the pancreatic head.” The patient was well for 
: one, year, ‘and ‘nine months but then jaundice returned. At the Lahey Clinic, 


; sen “bilirubin level was 18 mg/100 ml and serum albumin 2.9 gr./100 


‘ 
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mE ‘Qn*Mareh 21, 1963 a palliative procedure was performed consistmng of 
| hepaticodéchogastrostomy, - pancreaticogastrostomy, and g:stro- 
“-jejunostomy. for a lesion of the pancreas. Postoperatively, the patient nad a 
~ draining: biliary fistula for 18 days with 25-100 cc of fluid a day. This closed 


ay .. Spotitantously. At the time of discharge from the hospital, the serum 


_ bilirtibin value was 3.4 mg/100 ml. The patient died from intestinal 
2 obstruction: on July 29, 1963. 


97 





oo Cine TaBLe 1. Hepaticogastrostomy Patients 
“Case. 
> Age,” 
‘and i Period 
Séx Diagnosis Followup Canse of Feath 
he CEO Stricture 4 yrs Alive 
76 Mo. 
a an ' Carcinoma pancreas 4 mos Carcinoma 
A8 Mo 
a Stricture 6 yrs Hepatic faiure 
52 F 
a Stricture 2 yrs, 3 mos Alive 
52 M 
5 Carcinoma bile duct 10 days Sepsis 
67 F 
6 Congenital atresia 21 yrs Alive 
21- F 
T ,? Carcinoma pancreas 21 days Gastric heraor- 
59 M rhage, sepss 
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Case 3. A 52-year-old woman had had cholecystectomy (February 1962) 
with resulting biliary stricture. Roux-en-Y jejunal anastomosis to the com- 
mon hepatic duct was performed (April 1962) and revised for recurrent 


jaundice (April 1964). When jaundice recurred in March 1965, the patient 


came to the Lahey Clinic. On admission here, jaundice with ascites was 
evident. Serum bilirubin value was 9.3 mg/100 ml and: serum ‘albumin 
value was 2.9 gm/100 ml. At exploratory laparotomy (July 22, 1965) the 
stricture was repaired with difficulty using a gastric anastomosis to the right 
and left hepatic ducts separately, and sludge was removed from the biliary 
tree. 

The liver was cirrhotic, and ascites, anona, and portal hyperten- 
sion were evident. The postoperative course was complicated by a biliary 
fistula, which closed on the 24th day after operation, and by persistent sep- 
sis, intestinal obstruction, and occasional upper gastrointestinal tract 
bleeding. On November 13, 1965 the serum bilirubin value was 2.3 
mg/100 ml and she was discharged to her home. The patient was well ini- 
tially, but transfusions were required for hematemesis and melena in 
August 1968 and March 1969. Upper gastrointestinal tract barium studies 
showed esophageal varices; the stomach and duodenum were free of ulcers 
on these occasions (Figs. 1 and 2). Splenorenal shunt was performed April 
25, 1969. Intestinal hemorrhage did not recur. The patient died from 
hepatic failure in August 1971. 


é 


Case 4. A 52-year-old man underwent —— March 29, 1971 
at which time the common bile duct ‘was divided. Chole- 
dochoduodenostomy and gastrojejunostomy were performed. Later, 
because of obstruction at the gastrojejunostomy, a more distal. gas- 
troenterostomy and enteroenterostomy were carried out. When jaundice 
recurred (October 1970), the patient came to the Lahey Clinic. Jaundice 
was present with a serum bilirubin value of 5.9 mg/100 ml. During opera- 
tion, performed on March 29, 1971, the duodenal anastomosis was dis- 
connected, and the duodenum was closed. Hepaticogastrostomy was per- 
formed. The postoperative course was favorable with lessening of jaundice, 
and serum bilirubin value was 3.6 mg/ 100 ml at the time of discharge. The 
patient has done well and has been free of jaundice to the present time. 


Case 5. A 67-year-old woman had had cholecystectomy May 25, 1959. 
The common duct was explored because of small stones, and the duct was 
judged normal. The patient was well until November 1959 when jaundice 
appeared; operation (April 21, 1960) revealed a 3 mm common duct stric- 
ture. A T tube was placed, and the patient was transferred to the Lahey 
Clinic. During operation (May 11, 1960) biopsy specimen of the strictured 
region was taken and adenocarcinoma simplex was found. 
Hepaticogastrostomy was created for palliation; the entire porta hepatis 
was involved with tumor. The patient had a septic course with a biliary 
fistula and a rising serum bilirubin level and died on the LOth ————— 
day. 


Case 6, A 21-year-old woman had had bypass of distal common bile ia 


atresia at the age of 3 months by anastomosis of a distal choledochal cyst 
and the gallbladder to the stomach. The patient had no signs of intestinal 
hemorrhage or cholangitis. At the age of 21 the patient became jaundiced 
and was referred to the Lahey Clinic. An upper gastrointestinal tract 
barium series showed the stomach and duodenum to be free of ulcers. At 
operation (November 4, 1968) the cystic duct was obstructed with narrow- 
ing of the choledochocystogastrostomy. Cholecystectomy and choledocho- 
cystojejunostomy were performed. The postoperative course was unevent- 


ful. 


Case 7. A 59-year-old man had had exploratory laparotomy at another 
hospital for painless jaundice. A mass was found in the head of the pan- 
creas, and a T tube was placed in the common bile duct. The postoperative 
course was complicated by sepsis and shock, and he was transferred to the 
Lahey Clinic. At operation, subhepatic and subphrenic abscesses were pre- 
sent as well as biliary and Guodenal fistulas. The abscesses were drained, 
the duodenal fistula was closed, and choledochogastrostomy and gastroje- 
junostomy were performed. After operation, the patient had a myocardial 
infarction with pulmonary edema, continuing sepsis and shock, and 
hemorrhage. On the 10th postoperative day, blood appeared in the 
nasogastric tube and persisted intermittently until the patient's death 13 
days later. During this period, 19 units of blood were given. No diagnostic 
procedures were undertaken to determine the exact origin of the upper 
gastrointestinal tract hemorrhage because of the patient's multiple 
problems and moribund condition. Autopsy was refused. 


— 
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Comment 


Relief of J aundice 


Relief of jaundice was satisfactory in five of the seven 
patients, unsatisfactory in one of the patients, and unknown 
but probably satisfactory in-the seventh patient. The 
preoperative and postoperative serum bilirubin values, 
when available, are. shown in Table 2 


Gastric Ulceration ` 


Two of the patients had clinically significant upper gas- 
trointestinal tract hemorrhage after hepaticogastrostomy. 


One patient (Case 7) had massive upper gastrointestinal 


tract hemorrhage coincident-with septic shock which led to 
his death. This patient also had massive sepsis and shock, 
which were additional predispositions to gastric 
hemorrhage. The other: patient (Case 3) had upper gas- 
trointestinal tract hemorrhage requiring transfusion in the 
immediate postoperative period and twice thereafter. 
Barium swallow examination showed esophageal varices 
with normal stomach and: duodenum. After splenorenal 
shunt, the patient was free of clitiically significant 
hemorrhage for the ensuing two years and four months until 
her death from hepatic failure. 

The remaining four patients who had ‘functioning 


) hepaticogastrostomies (Cases 1, 2, 4, and 6) were free of the 


signs and symptoms of gastric ulceration for significant 
periods of followup (4 yrs, 4 mos, 2 yrs 3 mos, and 21 yrs 
respectively). 

Postoperative upper atones tract barium studies 
confirmed the absence of gastric ulceration in three patients 
(Cases 1, 3, and 6). 


Discussion 


* a Domas procedure for the relief of biliary obstruction 
and jaundice, hepaticogastrostomy, while rarely necessary, 
clearly has some merit. Five.of the seven patierits (71% ) had 
prolonged relief of jaundice and in only one patient (Case 5) 
was the procedure ineffective in relieving jaundice. This 
compares satisfactorily with reports of other bypass 


HEPATICOGASTROSTOMY 7 


procedures from the. Lahey Clinic. Hepaticojejunostomy 
has provided prolonged relief from benign stricture in 75%? 
and 43%* of patients, end-to-end biliary anastomosis in 
75%? and 51% , and hepaticoduodenostomy in 50%’. 
Precise comparisons of the relative merits of the operations 
in these patients is not possible because the patients. were 
not matched for severity of stricture in any of the series. — 
The two postoperative deaths in this series (29%). dan be 
explained partially. by the fact that hepaticogastrostomy: has” 
been reserved for the most difficult. technical, sit- . 
uations—usually obese patients who have” had ‘multiple. = 
previous bypass operations. One patient (Case: 5) had, ad-‘* 
vanced cancer and died with an anastomotic leak.’ TKE other. 
patient (Case 7) had an extraordinarily difficult preoperative” 
septic condition, and operation was ineffectual irt reversing ` 
the septic course. The postoperative death rate’ for. ‘benign, 
stricture repair has been 5% or less for the’ ‘comménly 
performed procedures of hepaticojejunostémy:* Or. 
duodenostomy as well as end-to-end. repair in the Lahey 
Clinic experience.’ $ 
Regarding the propensity of EAE ies to 
cause gastric ulceration, it is clear that the procedure creates 
only a mild predisposition to clinically significant gastric | ul- 
ceration. None of the patients had gastric. perforation: 
obstruction, or pain typical of gastric ulceration. Of the twa? - 
patients with upper gastrointestinal tract hemorrhage Dre 


(Case 3) obtained relief by splencrenal shunt thereby | os 
strongly suggesting that the patient’s radiographically; prov: | * 


ed esophageal varices. rather than gastric ulceration“ Were’ 


the cause of the bleeding. The other patient. (Case: TY hadi 
‘massive hemorrhage from presumed gastric stress:tlcera-. 

tion. This patient was in septic shock with Biliary: and | =x A 
duodenal fistulas and intra-abdominal abscesses,’ however, ` | ; 


which provided an additional predisposition to gastric; ail, | 
ceration. The remaining four patients (Cases 1, 2; 4, and 6) * 
who had bypass of the entire biliary output into the stomach ` 
for long periods of followup were without clinical evidenpe” 
of gastric ulceration. E 
It is questionable why bile salts, which have experimen- l 
tally been shown to be damaging to the gastric mucosa,.are . 


Taste 2. Relief of Obstructive Jaundice by Hepaticogastrostomy 


Bilirubin Level, mg/100 ml 


Case Admission Postoperative 
] 1.3 0.4 
2 13.0 3.4 
3 9.3 2.4 
4 5.9 3.6% 
5 2.5 8.2 
6 Jaundiced Free of jaundice 
7 1.8 No jaundice 


Underlying 
Liver Disease Rating 
None Satisfactory 
Massive liver Satisfactory 

metastases 

Cirrhosis Satisfactory 
None Satisfactory 
None Unsatisfactory 
None Satisfactory 
None ? Satisfactory 


* Serum drawn on postoperative day 16. Patient was and presently remains free of jaundice. 
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not more damaging in this clinical situation. Bile salts heve 
been implicated in the cause of gastric ulceration by 
laboratory investigations showing that they damage the gas- 
tric mucosa by breaking the gastric mucosal barrier to acid,* 


__ stimulate acid secretions,® and even cause physical changes 


in the gastric mucosa.’ 


certain. 


Using several different methods, 
clinical studies have oe increased pyloric reflux. in 
~ patients with, gastric ulcer.* 

The Ailéerogenicity of a salts in the clinical setting is 
-ggbroughe into question by the general absence of ulcer syrap- 
“* toms in-thesé patients after hepaticogastrostomy. Whetzer 
this report is evidence that bile salts are not ulcerogenic in 
the clinical setting or whether it is an example of an unusual 
‘circumstance in, which bile salts are not ulcerogenic is not 
-Hepaticogastrostomy is a satisfactory surg.cal 
procedure: without extraordinary ulcerogenic potential, and 


J “one thåt i is occasionally useful to the clinician. In this sraall 


seriésy it does not appear that the diversion of the entire 
hepatic. flow of bile-into the stomach is ulcerogenic. 


10. 
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The Surgeon, the Surgery, the Patient, and the Disease: ` 


A review of 231 cases ‘of. colonic operations performed during 
the year 1971 by, or under the supervision of, 32 attending sur- 
geons in an 850 bed private community medical center was un- 
dertaken. The overall mortality rate was 5.6% while a 35.5% 
overall complication rate was also noted. Factors significantly 
associated with increased overall complication rate were: 
emergency operations, preoperative anemia (hemoglobin less 
than 10 gm%), preoperative hypoalbuminemia (serum albumin 
less than 3 gm%), preoperative obstruction, malignant lesions of 
the colon and ulcerative colitis, prolonged operation, aperations 
requiring a large quantity of packed cell transfusion, coexisting 
hepatic disease and operations performed by surgical attending 
staff under 50 years of age in this institution. Each of these fac- 
tors is discussed individually. Several factors that were expected 
to be associated with increased complication rate failed to show 
significant statistical correlation in this series. These are: age of 
the patient, coexisting diseases other than hepatic- disease. 
absence of prophylactic parenteral antibiotics, preoperative per- 


_ forations and operations involving resection of the colon. 


Hypotheses are offered to explain a number of unexpected poor 
correlations. 
E MORTALITY RATE of colonic surgery has de- 
creased significantly in the last 70 years. At the turn of 
this century, operations for colonic carcinoma had a mor- 
tality rate of 30-50%. With the advent of better surgical 
techniques, safer anesthesia, the discovery of antibiotics, 
provisions for blood transfusions, better understanding of 
fluid and electrolyte balance, and overall improvement in 


preoperative preparation and postoperative management, 


we have witnessed a steady reduction in the fatality rate of 
the same procedures to 3-5% in some limited series. In the 
National Halothane Study, analysis of 15,100 large bowel 
operations in 34 institutions showed an overall mortality 
rate of 5.7%,” a figure more representative of surgical prac- 
tice in the United States as a whole. 
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Factors Complicating Colonic Surgery. ‘ 


RAYMOND F. CRYSTAL, M.D.,* PATRICK CHANG, MBit’; © 
From Saint Barnabas Medical: Center; 
Livingston, New jersey: 





Non-fatal complications, however, are still common find- 
ings following colonic surgery. They inevitably prolong a. 
patient’s suffering and convalescence. His extended ‘stay im 
the hospital and corresponding hours lost from work fürther à 
increase the financial burden of his illness. It is important: tox: = 


realize that many of these disturbing non-fatal.. coms z 


plications may be preventable if we recognize the relevant 
factors. — 


This study was undertaken to determine the ——— ae 


rate and early postoperative camplication rate of colonic: *: A 
operations performed in an 850 bed voluntary. teaching ` 
medical center in which all patients are treated as private.” 


patients operated upon by, or under the supervision: of, i 
graduate surgeons. Attempts were made to identify.’ various — 
factors that show a statistically significant correlation-witit 


increased overall complication rate. Comparisons with ather 
series were also made to offer perspective to our findings. S 


Materials and Methods 


The hospital records of all patients who underwent . ., 
colonic or rectal surgery, other than minor anorectal surgery®:.”°*: 
at Saint Barnabas Medical Center, from January: 1, 1971. 5:5 


through December 81, 1971 were reviewed in detail. The = 
following parameters were studied. ie 

1. Postoperative diagnosis 

2. Procedure performed. 

3. Postoperative complications, including death. 

4. Presence of coexisting disease other than that for 
which the patient was operated. 

5. Time from day of surgery to discharge. 

6. Designation as elective or emergency procedure. 

7. Presence or absence of preoperative perforation. 
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8. Hemoglobin level preoperatively prior to transfusion. 
9. Presence or absence ‘of colonic obstruction 


preoperatively. 


10. Preoperative serum albumin — 


11. Number of units of packed cells (250 ml) or whole’ 


., blood (500'ml) transfused at surgery. 
` "2. Duration of operative procedure. 
_Qceurrénce of postoperative complications was deter- 


a mined. ‘by examination of progress notes, temperature 
a record, nurses’ notes, and laboratory and radiology reports. 


™“Paralytic ileus. was defined as non-function of the gas- 
" Qepiiiteatinal tract for more than seven days. Radiologic 
+ diagnosis : of: .atelectasis and pneumonia was accepted. 
Intestinal: obstruction was diagnosed on clinical and 
: radiologic grounds, Pulmonary embolism was diagnosed by 

«combination of clinical, electrocardiographic, laboratory, 
a radiologic- findings. Septicemia was diagnosed by 
positive. blood culture in compatible clinical setting. 
Urinary tract infection was defined as urine colony count 
greater than 10%/mF associated with clinical infection. 
Urinary retention was defined as need for prolonged foley 
catheter drainage. Renal failure was defined as progressive 
rise in BUN and serum creatinine. Respiratory failure was 
defined: as progressive abnormality in arterial gases with 
reqiifement of respiratory support. The remainder of the 


— complications were diagnosed by generally accepted criteria 


which need not be further detailed here. 
“In. the evaluation of all factors which appeared to be 


— to ‘the rate of early postoperative: complications, 


<: Statistical analysis using the chi-square test or the t test for 


E F siali; ‘samples v was carried out. 


Results 


E y total a 231 cases were analyzed, representing all cases 


= “of colonic and rectal surgery, except minor anorectal sur- 


“gery, af Saint Barnabas Medical Center for the year 1971. 
$ Twenty-nine different types of procedure were performed. 
— operations were performed by 32 members of the atten- 
‘ding staff, ranging in age from 32 to 71 years. Twenty- -nine 
different diseases were treated by colonic and rectal surgery; 


| 44$ ‘complications occured i in 82 cases (Table 1). Thus, the 


“overall, percentage ‘of ‘cases followed by complications was 


. 85.9%: The actual number of patients who developed one or 


— more complications was 77, since some patients were oper- 
E “ated upon more than once during this time period. The 
| “umber of deaths in this series was 18. Mortality rate was 


E * 6% overall. 


. Forty-five cases were performed as emergencies. The 
Mophie rate of 53% in. these cases was significantly 
greater (p < 0.01) than the complication rate of 31% for 
elective cases. Eight deaths occurred following emergency 
“operations. Twenty-one patients had preoperative 
hemoglobin less than 10 g before transfusion. The com- 
plication rate in this group was 57%, compared to the com- 
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Tane 1. Complications of Colon and Rectal Surgery in 231 Cases 
Complication Number of Cases 
Paralytic ileus ` 7 l 5 
Atelectasis j 
Hemorrhage 
Pneumonia 


Intestinal obstruction 
Pulmonary embolism 
Septicemia 
Thrombophlebitis 
Cerebrovascular Accident 
Wound dehiscence 

Wound infection 
Entero-cutaneous fistula 
Anastomotic leak 

Colostomy complication 
Urinary tract infection 
Urinary retention 

Renal failure 
Intra-abdominal abscess 
Acute pulmonary edema 
Bleeding stress ulcer 

Hepatic failure 

Acute acalenlous cholecystitis 
Decubitus ulcer 

Acute gastric dilatation 
Acute toxic psychosis 
Diarrhea 

Strangulated right inguinal hernia 
Cardiac arrest at surgery 
Atrial fibrillation and left bundle branch block 
Peritonitis 

Respiratory failure 

Slough of skin edges of incision 
Rectovaginal fistula - 

Gouty arthritis 

Acute cholecystitis 
Obstructive jaundice 

Left pleural effusion 

Left empyema 

Perineal abscess 

Drug dependence 
Arrhythmia 


Qa 
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Total 143 


82 operations were followed by complications. Overall complication 


rate 35.5%. 


plication rate of 38% with patients with higher preoperative 
hemoglobin. The difference was statistically significant (p < 
0.05).. Twenty-three patients had a serum albumin of less 


than 3 g. The complication rate in this group was 57%. This 


was significantly greater than the complication rate of 34% 
for patients with a higher preoperative level of serum 
albumin (p < 0.046). Thirty-five patients were obstructed 
preoperatively. Complications occurred in 57% of these 
cases, which was a significantly greater rate of complications 
than the 32% for patients who were not obstructed 
preoperatively (p < 0.005). Patients who developed com- 
plications were found to have received significantly larger 
volumes of packed cells or blood ‘at surgery .than patients 


who did not develop complications (Table 2). Patients who 


developed complications were found to have had 
significantly longer operative procedures than patients. who 
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- TABLE 2. Complications and Blood Transfusions 
Mean Number of Units of Packed 
i Total Cases Cells Given at Surgery 
Complicated cases: 82 0.52 £0.97 t = 2.47 
J n = 229 
Uncomplicated cases "149 0.24 40.78 0.01 less than 
p less than 0.02 


did not develop complications (Table 3). The 105 patients 
who underwent surgery for malignant disease had a 
significantly (p < 0.025) greater complication rate (42%) 
than the 120 patients who underwent surgery for benign 
disease (28% ) other than chronic ulcerative colitis. Surgery 
for chronic ulcerative colitis had a significantly higher com- 
plication rate than did surgery for other non-malignant dis- 
ease (Table 4). 

Several factors analyzed were found to have a statistically 
insignificant association with early postoperative complica- 
tions in this series. When acute and chronic and free and 
contained are taken as a group, preoperative perforation 
is not associated with a significant increase in complica- 
tion rate. Such coexisting diseases as diabetes mellitus, 
pulmonary diseases, cardiac disease, gastrointestinal dis- 
eases, renal disease, or urological disease, when diagnosed 
by traditional criteria, were not significantly associated with 
increased complication rate. However, newer hemodynamic 
studies may have greater predictive value in assessment of 
cardiac status. Only the coexistence of hepatic disease was 
associated with a statistically greater rate of complications 
than cases without such coexisting disease (Table 5}. Thirty- 
six cases had 45 other coexisting diseases. The complication 
rate in these 36 cases was 39%. Neither all resections nor 
resections done as emergencies had a significantly greater 
rate of complications than did non-resectional surgery. The 
mean age of patients with complications (60.32 + 16.93 
years) was not significantly different from that of patients 
without complications (59.14 + 14.51 years). 

The consequence of complications was analyzed in terms 
of duration of postoperative hospital stay. The mean dura- 
tion of stay for patients with complications was 29.70 + 
23.77 days. The mean duration of stay for patients without 
complications was 13.22 +. 7.69 days. The difference was 
statistically significant (p < 0.001). 

The cases in this series were placed in two groups accord- 
ing to the age of the operating surgeon. Patients operated 


TasLe 3. Complications and Duration of Operation 


Mean Duration of 


Total Cases Operation in Hours 
Complicated cases 82 2.97 + 1.29 t = 3.51 
n = 229 
Uncomplicated cases 149 2.40 + 1.1] p less than 9.001 
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Tase 4. Complications and Chronic Ulcerative Colitis 


Total Cases Complication Rate 


Surgery for chronic 


83.3% |. "K? = 8.361 


ulcerative colitis. 6 
n51. l 
Surgery for benign ogi ° 
disease ather than chronic 
ulcerative disease. 120 27.5% 


r — T e p 3 < J 
pless than 0.005 `- 


* 


upon by surgeons age 32 to 50 were placed ir in one: group; ` ’ 
Group Y. This comprised 158 cases. The cases of. nirieteen: | 


surgeons were in this group. The mean age of these’ sur." 


geons was 43.4 + 4.96 years. Patients operated upon, by sur⸗ 
geons age 51-71 were placed in a second group, (Group. 0)... 
This comprised 73 cases. The cases of 18’surgeons, were in™ 
this group. The mean age of these surgeons was 59.6 -+ 6.69. | 


years. It was found that the complication rate-for younger ~ a 


surgeons (Group Y) was almost twice that for older surgeons 
(Group O) and that this difference was statistically signifi- 
cant (Table 6). An attempt was made to ‘determine whether . 
other factors previously found to be related to increased 
complication rate were more commonly found in Group Y 
cases than Group O cases. Group Y surgeons operatéd. upon 
significantly more emergency cases than did Group Our- 


geons (Table 7); however, significantly more Group 0 cases ,. < 


had hemoglobin less than 10 g than did Group Y cases: 
(Table 8). In other categories previously examiried- — 


found related to complication rate, there was no — 


difference in distribution between Group Y and. Group: OF" 


Discussion aver 

In 6 of 13 deaths in this series, loop — was: thé 
only operation performed. The operation itself ———— 
had very little influence on the eventual outcome+in such". 


patients, who were usually gravely ill preoperatively, This“ 


may account for our mortality rate being slightly higher i 


than the 3.5% reported by Judd? and by Beahrs.? However: 
it is comparable to the 5.8% mortality rate noted in Herter 
and Slanetz’ series.'’ The overall complication rate of. our. . 
series was 35.5%. It resulted from various types of colonie., 
operations ranging from relatively minor procedures (e. g- 
loop colostomy, colotomy, closure of colostomy) to very ex- . 


tensive surgery (anterior resection and APR). It is higher... Z 


than the overall morbidity of 24% tepore by Schrock’ and” 


sgt . * 
paua 


Taste 5. Complications and Co-existing Hepatic Disease a 
Total a 
Cases Complication Rate 
Co-existing hepatic 
disease. 8 75% X? = 5.66 
n=] 
No co-existing hepatic 
disease. 223 34% p less than 0.025 
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‘TasLe 6. Complication Rate by Age of Surgeon 


`o. Age of Surgeon Total Complication 
l _ Range ‘ Mean Number Cases Rate 
; CA 32-50 ` 43.4 + 4.96 19 158 41.8% X* = 8.37 
— i n=] 
F Gino i 5171 59.6 + 6.69 13 73 21.9% pless than 
i —— sae a F 0. 005 





= co-workers’? in their series of 1703 cases of colonic 


|. anastomosis. However, it compares favorably with figures 


renorted by Hedberg and Welch” for various types of 
_colonig, resections. 

Emergency: operations had a higher complication rate 
- than’ “elective procedures. Probably one important con- 
~~“ tributing cause was the inadequacy of bowel preparation in 
our emergency cases. In our series of emergency cases, we 
~ have. noted wound infection occurred at the rate of 22%, ex- 
actly twice that of elective cases (11%). Mechanical cleans- 
ing of the colon has generally been accepted as of utmost 
importance in.- -¢olonic surgery. However, Nichols and co- 
workers'® have emphasized the value of appropriate in- 


testinal antibiotics. ‘as well, Some controversy still surrounds | 


the nécessity of: preoperative intestinal antibiotics. The 
main objection results from the serious complications of 
. ‘pseudomembranous (or staphylococcal) enterocolitis” and 
. reports: ‘of increased incidence of tumor cell implantation 
and: “growth at the colonic suture line after resection.* While 
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TaBLe 8. Distribution of Anemic Patients by Age of Surgeon 


Total % of Total Cases with 
Cases Hemoglobin Less than 10 g 
Group Y 
(surgeons age 32-50) 156 6% X? = 6.81 
=] 
Group 0 
(surgeons age 51-71) 73 16% p less than 
0.014 


In our series, we have noted a significant increase in 
overall complication rate if preoperative hemoglobin is less 
than 10 g% instead of 10 mg%. Most of the postoperative 
complications stem from poor healing of tissue. It has been 
known that the formation of collagen in the healing wound 
depends on hydroxylation of proline and this reaction re- 
quires atmospheric oxygen. Hunt and his co-workers? have 
demonstrated a steep fall in oxygen tension gradient in nor- 
mal wounds. It is only logical to assume that any further 
reduction in the transportation of oxygen to these wounds, 


as in anemia, will depress oxygen supply below levels . 


necessary for optimal healing in these tissues. Sandblom?’ 
had shown a 39.2% reduction in wound tensile strength in 
his anemic rabbits. Schrock and co-workers” 


their anemic patients. 
The high complication rate with hypoalbuminemia is 


in their series: 
noted a twofold increase in anastomotic leakage rate in 


probably again related to a decrease in healing ability in 
general. Findlay and Howes’ have shown in rabbits that a 
20% weight loss by starvation and protein depletion was ac- 
companied by a delay in the initial appearance and growth 
of granulation tissue in healing wounds. Localio and co- 
workers found a reduced formation of collagen in wounds 
with protein deprivation. In other experimental] studies, it 


$ — occurrence of the latter could not be assessed in our 
ree zstudy, we have found that none of our patients receiving 
— pregperative. intestinal antibiotics has developed enterocoli- 
etig ‘postoperatively. 

— me On the other hand, Poth and Cohn? both have shown 
oe * jat Predperative intestinal antibiotics significantly reduced 


ip ieidence; of wound infection and also protected colonic 


^. ahastomosisi in the presence of otherwise intolerable ische- 


T, ‘tia. - 


"ES. othe factors possibly related to higher overall complica- 
tion tatei in- our emergency cases were increased frequency 
i iof- preoperative obstruction, preoperative perforation (19 
~ cases’ ‘out of.45 in both) and preoperative hypoalbuminemia 

y (12: ‘edsds: out of 45). These conditions were considerably 

“more frequent in emergency than in elective cases. 


` 
.“ 
S F . 
ue 


C TABLE.7. Distribution of Emergency Cases by Age of Surgeon 








Total % of Total Cases 
Cases Performed as Emergency 
` Group. Y 
-” (surgeons age 32-50) 158 23% X? = 4.94 
oe n=1 
". Group 0 
(surgeons age 51-71) - 78 11% p less than 
i 0.046 





was further demonstrated that hypoalbuminemia not only 
causes a decrease in total tensile strength® but also a delay in 
the acquisition of this strength. In a clinical series, Alex- 
ander and Prudden! noted an increased incidence of wound 
dehiscence and eight times greater infection rate in patients 
with hypoalbuminemia. Anastomotic leakage is also more 
prone to occur because of an increase in collagen lysis 
coupled with a decrease in collagen synthesis.” 

We have found that our patients with preoperative 
obstruction had a higher overall complication rate. This 
may be related to the susceptibility of these patients to 
malnutrition and fluid and electrolyte imbalance 
preoperatively. This condition also precludes optimal bowel 
preparation. With the combined effects of electrolyte im- 
balance and loss of colonic muscle tone prior to surgery, 
these preoperatively obstructed cases will tend to remain 
obstructed for longer periods postoperatively. It has also 
been noted, in the severely distended colon, that even if it is 
grossly intact, its thinned wall may be permeable to 
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bacteria. All these may be related to their higher 


ə postoperative overall complication rate. 


The overall complication rate was found higher in ovr pa- 
tients having colonic surgery for malignant lesions than 
those for benign lesions. This seems to agree with Hedberg 
and Welch’s” finding that total complication rate after sig- 
moid resection for diverticulitis was only one third of that 
for cancer. This may be related to the more extensive sur- 
gery performed for cancer. However, we cannot exclude the 
possibility that cancer patients tend to be more mal- 
nourished as a result of their decrease in dietary intake and 
production of proteolytic enzymes. It has been shown that 
many of them revealed a deficiency in serum protein and 
ascorbic acid. Glenn and Moore® have found the incidence of 
wound dehiscence in cancer patients was three times that of 


_ patients with benign lesions. 


Our ulcerative colitis patients, however, showed a 
significantly higher complication rate than patients with 
other benign lesions. This may be related to the treatment 
with steroids commonly encountered in these patients. 
They are also more prone to be malnourished, anemic and 
have electrolyte abnormalities as a consequence of frequent 
bouts of bloody diarrhea. Findlay and Howes’ have demon- 
strated the adverse effect of protein deficiency on wound 
healing with even low doses of cortisone. 

Duration of operation and quantity of blood transfusion 
intraoperatively can be discussed together. We have found 
the overall complication rate is higher in cases with longer 
operating time and requiring a larger quantity of packed 
cells transfusion intraoperatively. It may again appear that a 
more extensive surgery was involved. However, the two fac- 
tors probably reflect more on the hemodynamic status of the 
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The high complication rate with coexisting hepatic dis- 
ease was not unexpected because these patients were usu- 
ally debilitated, malnourished and had hypoalbuminemia. 
It was found that the overall complication rate in cases. 
performed by surgeons less than 50 years of age: was” 
significantly greater than in cases performed by those over 
50. We also found that those significant factors mentioned 
above were not encountered more frequently in patients 
operated upon by the younger surgical group. We can only © 
attribute our findings to probable superiority in experience, 
surgical judgment and techniques in our older. a 
attending staff. ae 
It is interesting to note that out sf 13: deaths in our series, 
9 cases were over the age of 65. It has been known. ‘that 
myocardial reserve is the major factor in -determitling: 


operative survival of these patients. Gudwin et. al: — have. a 


demonstrated from their hemodynamic studies, using. anin” - 
dicator dilution curve method, that it is possible to predict 
the myocardial reserve and hence, the operative survival of 
these patients. Mattingly" has stressed that mortality. and — 
morbidity rates are increased two to three ti times in: patients 
with coronary disease. . 

We are suspicious that in many of « our cases s coexisting , 
diseases might have been present but eluded our conven- 
tional means of evaluation. This may be a factor responsible 


in our finding of insignificant difference in complication ratè `- 


between patients with certain coexisting diseases and those’ 
without. 


In our cases with prophylactic antibiotics, we lave ae — 


that their overall complication rate was not significantly “7 


different from those who did not receive them. ‘This is in: i 


contrast to the apparent usefulness of prophylactic” ais.” 


patient intraoperatively. 

One of the undesirable side effects of anesthesia is the loss 
of physiologic compensatory mechanism to hypotension. 
Patients under general anesthesia are, therefore, more 
prone to suffer the deleterious effect of hypotension and this 
risk would be expected to increase in a prolonged operation. 


tibiotics found by others.*”° The lack of support. from ours; 
series was probably due to the fact that only a minority: — 
our cases received such measures and hence we were unable: * : 2 


PFA 
TRS. 


to provide a more meaningful comparison. © mai — 
The lack of association of preoperative perforation with". 
increased complication rate in this series is probablyyat-#. ox 


Packed cell transfusion intraoperatively was usually only 
given when there was evidence of hypotension due to ex- 
cessive blood loss. Blood loss is also expected to be increased 
in a prolonged operation. Hence, the group of patients un- 
dergoing a longer procedure and requiring packed cell 
transfusion probably represented those with increased fre- 
quency and severity of intraoperative hypotension. This is 
accompanied by a decrease in tissue perfusion which may 
cause irreversible tissue damage and affect tissue healing 
ability generally. It is therefore logical to expect a higher 
complication rate in these patients postoperatively. Schrock 
and co-workers? reported a significantly increased rate of 
anastomotic leakage in patients with intraoperative 
hypotension, in those requiring 2 or 3 transfusions during 
the operation and in patients with operating time more than 
5 hours. 


tributable to the inclusion together of both containéd arid = 
free perforations and also chronic and acute perforations, `, 


In our series, the overall complication rate was: nok, E 


significantly higher in both elective and emergency., TSEC- i 
tion cases when compared with non-resection’ cases. Itis 


true that in many of our gravely ill patients, only a minor, p 


procedure was attempted and they were prone to 


postoperative complications irrespective of whatever » 


operations were performed. These cases may increase the _ 


overall complication rate in the non-resection group and oe 


made it comparable to that of elective or emergency resec- _ 
tion group. aa 

However, our findings may also imply that whenever the -: 
lumen of the colon is exposed in any type of colonic opera- 
tion, the patient is subjected to the same risk in developing 
postoperative complications. Therefore, it behooves us to 
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exércise ' the same quality of picoperatvë preparation, the the Bowel on Complications after Colon Resection. Am. J. Surg., 
same ‘standard of surgical techniques and equal amount of 113:165, 1967. e 


lla. Altemeier, W., Discussion of above paper. 


‘postoperative, Gare even in “minor” colonic procedures. 
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Fecal Impaction Following Methadone Ingestion Simulating 


Acute Intestinal Obstruction. 


IAN A. SPIRA, M.D., RICHARD RUBENSTEIN, M.D., DEBORAH WOLFF, WILLIAM |. WOLFF, M.D. 


A hitherto unreported clinical entity, namely fecal impaction 
following methadone ingestion simulating acute intestinal 
obstruction, is described. Five cases admitted to the Surgical 
Service of the Beth Israel Medical Center in New York City are 
discussed. The nature and pathogenesis of the obstruction are 
analyzed and a suggested method of managing these cases is 
presented. It is emphasized that with expansion and increasing 
acceptance of Methadone Maintenance Treatment Programs, 
the number of such cases will increase. It is thus important that 
physicians become aware of the existence of this syndrome since 
involvement in methadone maintenance may be a life-long com- 
mitment for persons involved, thus increasing the incidence of 
the complication. It is also imperative to avoid unnecessary, and 
possibly harmful surgical intervention in such cases. 

EROIN AppICTION has reached alarming propor- 
H tions, particularly in the large metropolitan areas. In 
New York City alone, it is estimated that there are 150.000 
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ally involves an induction period of six to seven weeks dur- 
ing which medical, psychiatric and social problems are 
evaluated and incorporated into the total treatment 
program. During this period tolerance almost invariably 


develops and the maintenance dose generally becomes fixed © 


at about 100 mg per day. In studies emanating from 
programs at this institution,“!! it has been shown that 
tolerance to the autonomic and smooth muscle effects of 
methadone develops more slowly than tolerance to the 
sedative effects. At the clinical level this is manifested dur- 


ing the first year of treatment by excessive sweating. ands » 
constipation. Physicians responsible for following patients = 
in our clinics are aware of methadone’s constipating tendency* ^< 
and frequently prescribe laxatives and stool softeners. 
With time, in chronic maintenance, these problems become 
infrequent. However, many physicians are not familiarwith, . 
these “side actions.” Moreover, the Medical Letter warns - 
that even seven years after its introduction, “the possibility 
remains of long term adverse effects that are still un- 
recognized, developing.” : 

Two case reports have appeared in the literature!-*” 
describing acute intestinal obstruction in drug addicts in 
which heroin is regarded as the responsible agent. We are 
presenting five cases in which chronic methadone users. not 
taking heroin, presented with acute intestinal obstruction 
indistinguishable on clinical grounds from the classical pres- 
entation of the entity. 


addicts.* In the past, efforts to rehabilitate heroin addicts 
have met with dismal results. At Beth Israel Medical Center 
in New York City, methadone therapy was introduced for 
this purpose in 1964 by Dole and Nyswander and has been 
shown to be highly effective.*7 Although it substitutes one 
addiction for another, authorities on the subject are con- 
vinced that no other presently available therapy offers com- 
parable promise. 

At present in New York City, rapidly expanding 
Methadone Maintenance Treatment Programs (MMTP) are 
servicing 34,000 patients.° Of these, 6,400 are presently 
either under direct management at the Beth Israel Medical 
Center and Bernstein Institute or under supervision at other 
centers, Other areas of the country are now beginning to 
utilize this mode of therapy. In Massachusetts, enrollment 
in MMTP is only 900,'* but it can be assumed that the 
development of treatment programs will follow changes in 
the distribution pattern of addiction. In addition. there are 
an unknown number of addicts who take the drug illicitly. 

The Methadone Maintenance Treatment Program usu- 


Case Reports 


Case 1 (J.C.): A 24-year-old Chinese male was admitted on December 
17, 1973 with a two-week history of constipation, crampy abdominal pains 
for several days and two days of increasing abdominal distension. There 
was no vomiting, diarrhea and no previous history of constipation or sur- 
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gery. The patient was a member of MMTP for six months with a current 
dose of 60 me per day 


marked], 


tenderness, no rebound tenderness and absence of bowel sounds. Rectal ex- 


Examination revealed a distended abdomen, generalized 


amination revealed soft stool in the ampulla) An abdominal x-ray study 
showed air-Huid levels throughout the small bowel with stool throughout 
the colon (Fig. | 
The patient was given intravenous fluids, but nothing by mouth He was 
treated with both high colonic enemas and Bisacodyl (Dulcolax) sup- 
positories four times per day for three days, followed by oral cathartics 
He improved dramatically after passing large amounts of hard feces. A 


followup barium enema showed no bowel pathology 


Case 2 (P.W.): A 19-vear-old white male presented on March 19, 1973 
with a -five-hour history of crampy abdominal pain and one episode of 
vomiting. His bowel movements had been regular and he denied constipa- 
tion. There had been no previous surgery. He had been a member of 
MMTP for eight months with a maintenance dose of 80 mg of methadone 
per das 

Physical examination revealed a flat, non-tender abdomen. no scars, and 
hypoaetive bowel sounds. Hard stool was felt on rectal examination. An ab- 
dominal x-ray film showed multiple air-Huid levels in small bowel and 
colon loaded with stool (Fig 2) 

He ‘was treated initially with nasogastric suction and intravenous Huids 
The next dav high colonic enemas followed by cathartics were used. The 
patient improved immediately after passing large quantities of hard stool 
He failed to return to the hospital for a barium enema 


Case 3 (J.M.): A 51-year-old Negro female was admitted on December 20, 





Fics. | rG 


to hospital and showing multiple air-fluid levels 


Upright roentgenogram of the abdomen taken on admission 
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Fic. 2 (P.W.) Upright roentgenogram of the abdomen taken on admission 


to hospital and showing multiple air-fluid levels 


1973 for alcohol detoxification and was being treated with paraldehyde in 
addition to her methadone. She developed abdominal cramps, distension 
and had four episodes of diarrhea the following day. Past history included 
an abdominal operation five vears prior to admission (type?). She had 
attended a MMTP for three vears and was maintained on 100 mg of 
methadone per day Surgical consultation was sought. Examination re- 
vealed a distended, tender abdomen. Bowel sounds were hyperactive with 
An ab- 


rò 


dominal x-rav film showed multiple small bowel air-Huid levels (Fig. 3) 


rushes. Rectal examination revealed soft stool in the ampulla 

lhe patient was initially treated with intravenous Huids, given nothing 
by mouth, and decompression started using a Cantor Tube Symptomatic 
improvement was noted and the tube was removed. The following day she 
again developed abdominal cramps and distension. She was treated with 
high colonic enemas and Bisacodyl suppositories four times per day which 
resulted in the passage of large amounts of stool. She improved clinically 
An upper gastrointestinal series and barium enema performed prior to dis- 


charge from the hospital were normal 


Case 4 (H.P): A 30-vear-old white female was admitted on October 20 
1973 with a one-day history of abdominal cramps, distension and obstipa- 
tion for two days. Nausea was present, but no vomiting. Past history in- 
cluded previous operations for a duodenal ulcer, appendectomy, and 
ureterolithotomy. She had been a member of MMTP for one year, was 
maintained on 100 mg of methadone per day, and in addition was known 
to be addicted to barbiturates 

Examination on admission showed moderate abdominal tenderness, no 
abdominal guarding, and hypoactive bowel sounds Rectal examination 
vielded soft brown stool Abdominal x-rav studies showed large amounts of 
stool in the left colon with distended small bowel loops and air-Huid levels 


Fiw 4) 
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right 


Supine lett 
and erect roentgeno- 
gram of the abdomen, show- 


ie 


ing dilated small and large 





bowel loops and multiple 
air-Huid levels 





4 Cantor Tube was inserted and intravenous Huids started. Good small 
bowel decompression was achieved After two days the Cantor Tube was 
removed and copious bowel movements were obtained bv means of high 


colonic enemas. A barium enema performed after discharge was normal 


Case 5 (W.C.): A 31-year-old Puerto Rican male was admitted to our 
Emergency Department and subsequently underwent an exploratory 
laparotomy for a stab wound of the abdomen on August 26, 1973 
Operative findings included a laceration of the transverse colon and of the 
icijunum. The latter was oversewn and a transverse colostomy was per- 
formed for the former The postoperative course included a wound infec- 
tion which resolved satisfactorily, and the patient was discharged on the 
21st postoperative day with the colostomy functioning well. Past history in- 
cluded a thoracotomy, also for a stab wound. The patient was a member of 
MMTP, taking 100 mg methadone daily and had been in the program for 
342 years 

Four davs following the discharge he developed crampy abdominal pain, 
nausea and the colostomy ceased to function 

On examination, the abdomen was distended, diffusely tender and bowel 
sounds were hypoactive The colostomy was not passing gas or fluid. A 
Cantor Tube was passed per os, a rectal tube placed through the 
colostomy, and intravenous fluids started. The patient began passing hard 
stool spontaneously via the colostomy with resolution of the symptoms. He 
underwent a colostomy closure and was discharged after having a barium 


enema which showed no pathology 


Discussion 


Methadone hydrocholoride is a long-acting synthetic nar- 
cotic available for oral use. The analgesic effects are similar 
to those of morphine. Its effectiveness against heroin addic- 
tion results from its ability to block the euphoric effects of 
heroin and cravings for the opiate. The “highs” and the 
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"sicks” of heroin abuse are eliminated. As a result of thesé 


methadone maintenance programs, our addict patient pop- 
ulation has been shown to be capable of leading active and 
productive lives, with a significant percentage being gain-” 
fully employed and with crime involvement substantially 
reduced. Full cooperation is required for a patient to remain 
in the treatment program and the successtul retention rate 
tor 1972 was 76% 

Methadone and other morphine-like drugs have well- 
established the gastrointestinal tract.*'°"* 
‘Methadone causes relaxation of isolated intestine and in- 
hibits the spasmogenic effect of acetyl choline and 
histamine on such preparations. However, in the intact, un- 


effects on 


anesthetized animal, methadone, like morphine, increases 
intestinal tone, diminishes the amplitude of contractions 
and produce a marked decrease in the propulsive activity of 
the intestine.” ™® The resultant slower passage of the in- 
testinal contents leads to an increased absorption of water 
and hence, hardened or inspissated feces. Therefore, on 
pharmacological grounds, it is reasonable to assume that 
chronic methadone usage can give rise to fecal impaction. It 
can also be assumed that, acting in a precipitating and 
aggravating capacity, the condition may progress, in ex- 
treme cases, to acute intestinal obstruction. This syndrome 
may be much more common than its absence from the 
literature indicates. In 1973, we, at Beth Israel Medical 
Center in New York City, admitted five such patients to the 
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“80 hospital and showing multiple air-fuid levels 


surgical. service. This represented 4% of the methadone 


users admitted to the service for a variety of other surgical 


“problems 


Symptoms and clinical findings in these patients may be 
indistinguishable from those of other patients seen with in- 
testinal obstruction. Uniformly, they give a history of 
colicky abdominal pain, increasing abdominal distension 
and obstipation; occasionally they admit to previous con- 
stipation and in one instance the diarrheal pattern 
sometimes found with fecal impaction developed (Case 43). 

On examination they may appear in great distress. Ab- 
dominal distension is a prominent feature and usually some 
tenderness is found. Although not occurring in the group 
reported here, a patient who has not received his daily 
methadone dose because of vomiting may display 
withdrawal manifestations, and these may further confuse 
the clinical picture. We have seen “rigidity” of the ab- 
dominal musculature and very marked abdominal 
tenderness in other methadone maintenance patients where 
such findings were part of the “withdrawal syndrome. ` Rec- 
tal examination often reveals soft stool in the rectal ampulla. 
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In our series, four of the five patients had x-ray studies of 
the abdomen showing the classical pattern of intestinal 
obstruction, i.e., dilated loops of small bowel containing air- 
fluid levels 

However, the key to arriving at the proper diagnosis is 
the radiological observance of much fecal material in the 
colon. When this is paired with the clinical history of 
methadone maintenance, it should lead to the correct 
diagnosis. A cautionary note is in order lest the methadone 
effect represents only an aggravating factor which may mask 
some other pathological process causing mechanical 
obstruction. Moreover, as in all instances of intestinal 
obstruction, the clinician has a responsibility to think of and 
periodically re-evalute the patient in terms of bowel 
strangulation. 

Proper treatment should begin with consideration of the 
correct diagnosis. Awareness of the syndrome in chronic 
methadone users is essential and may avoid unnecessary 
surgery in these patients. 

A comprehensive and thorough history and physical ex- 
amination must be undertaken. Any abnormalities in hydra- 
tion or any electrolyte imbalance should be corrected. The 
patients are kept nil per mouth and fed intravenously. If 
vomiting and abdominal distension are marked, naso- 
gastric drainage must be instituted. Vital signs must be 
closely monitored and important clinical and laboratory de- 
terminations made, such as temperature, leukocyte count, 
blood electrolytes, etc. In the early stages, re-assessment of 
the physical findings in the abdomen and other pertinent 
clinical determination should be pursued serially at ap- 
propriate intervals. Once the patient's general condition has 
stabilized and the possibility of bowel strangulation 
eliminated, colonic enemas at four to six hour intervals may 
be commenced. Bisacodyl suppositories may also be used. 
Only when the enemas begin to yield stool and there is 
clinical improvement, may oral cathartics be used. During 
this period of treatment the patient must receive his 
maintenance dose of methadone which is given paren- 
terally 

The response to this mode of therapy is prompt and quite 
dramatic. As soon as the patient has passed stool, his condi- 
tion improves rapidly. 

Once the acute problem has been resolved, we suggest 
that all patients be adequately investigated, preferably prior 
to their discharge from the hospital. Studies should include 
sigmoidoscopy, a barium enema, an upper gastrointestinal 
series and small bowel series. Some of these patients are un- 
reliable and others, once their symptoms are relieved, will 
not take time out for the indicated procedures after being 
sent home, hence the necessity for the full investigation 
while still in the hospital 

As methadone maintenance therapy becomes more 
widely used, and since methadone maintenance may be a 
lifetime program, we believe that the problem of acute in- 
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testinal obstruction secondary to the drug's use will be seen 
more frequently. We suspect that already some of these in- 
dividuals may have been operated upon unnecessarily. 


Addendum 


Since submitting this paper for publication we have become aware of 
two patients with this syndrome at other institutions who were subjected to 
laparotomy at which no obstructing lesion was discovered. 
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Primary Pulmonary Leiomyosarcoma: 


A case of primary leiomyosarcoma of the lung is added to the 
literature, Previously, 66 cases were documented. This is a case 
of a 55-year-old male, a pulmonary cripple for many years, with 
a collapsed left lower lobe found by roentgenogram, verified by 
bronchoscopy and bronchograms. Biopsy of lesion was reported 
as low grade leiomyosarcoma. Despite pulmonary function 
studies showing a vital capacity of 37% of predicted normal, a 
left pneumonectomy was preformed, Postoperatively, the 
patient had a tachycardia which gradually decreased in the next 
several months. Two months following operation pulmonary 
‘function studies were essentially unchanged from those made 
preoperatively. Arterial gas studies are presented pre and 
postoperatively. 


JT flomyosarcoma of the lung has been considered 

— an extremely rare tumor in the past, In 1952, Johnson 
et al.® documented the first case successfully treated by 
pneumonectomy, There has been a gradual increase in the 
medical literature regarding this tumor since then. Havard 
and Hanburn® found 28 previously reported cases in 1960 
and added an additional case. In 1965, Fadhli et al.' made a 
statistical review of 38 cases from the literature plus a case 
report. Guccion and Rosen’ in 1972 reporting from the Arms 
Forces Institute of Pathology and the Veterans Administra- 
tion’ Central Laboratory in Washington, D.C., reviewed 19 
cases, three of which were previously reported, thus adding 
16 cases. In all, 66 cases have been recorded to date. 

This case is reported because of its successful conclusion 
in what was initially thought to be an irredeemable case sur- 
gically based on his history and pulmonary function studies. 
It represents the conversion of a “pulmonary cripple’ to 
one capable of carrying on with everyday activities in a 
limited fashion. 


Case Report 


C.S., a 55-year-old white married male with a long history of asthma, 
bronchitis, emphysema and repeated bouts of pneumonia was admitted to 
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Springfield Community Hospital on March 15, 1970, with chief complaint 
of shortness of breath on any type of exertion. Walking up one flight of 
stairs required three or four resting pauses. During the past two weeks, the 
symptoms had increased with associated wheezing and nonproductive 
cough He had smoked since age nine and for many years consumed three 
to four packs of cigarettes per day. He stopped cigarettes 14% years prior to 
admission, but smoked 16-18 cigars daily until June 1969, when he 
stopped completely 

Laboratory studies showed a Hgb. 17.5 gm/100 ml with a Het. of 51% 
WBC, differential, blood electrolytes and urine were essentially normal 
Arterial blood gases: pH 7.384, pCO, 48.3 mm, pO, 75 mm, O; saturation 
94% Roentgenogram of chest showed a collapsed left lower lobe with com- 
pensatory emphysema of left upper lobe. The right lung was clear and 
overall the chest appeared somewhat emphysematous. Heart size was nor- 
mal. Bronchoscopy revealed a polypoid type lesion occluding the left lower 
bronchus and a biopsy was taken. Because of his precarious respiratory 
balance, supravoltage radiation therapy was the only treatment considered 
initially until the pathology report was returned as leiomyosarcoma of 
relatively low grade malignancy. 

Further evaluation was made. Pulmonary function studies showed vital 
capacity of 37% of predicted normal and on forced expiratory volume Ist 
Sec. 60%, 2nd Sec 78%, 3rd Sec. 85%, with the maximum voluntary ven- 
tilation 26%. This was interpreted as a severe increase in airway resistance 
with severe loss of pulmonary compliance and an estimated 80% loss of 
pulmonary reserve. Bronchograms revealed an intraluminal lesion blocking 
the entire left lower lobe and extending into the left main stem bronchus 
and over into the major portion of the left upper lobe bronchus with only a 
very narrow irregular channel in the left upper lobe bronchus leading to 
normal size displaced bronchi distally (Fig. 1) 

Because of the favorable prognosis of the leiomyosarcoma of low grade 
malignancy with surgical removal, an obvious trapped left lung and poor 
response of this type tumor to any type of radiation therapy, an exploratory 
thoracotomy was done through a left posterior lateral incision. The left 
lower lobe was completely atelectatic with compensatory emphysema 
without bullae of the upper lobe. There was a palpable mass in the inferior 
hilar region extending down into the lower lobe adjacent to the left lower 
lobe bronchus. Blood arterial gases were taken from the left pulmonary 
artery and repeated following its occlusion, in approximately 5 minutes 
Specimen 1: pH 7.18, pCO, 42 mm pO, 45 mm. Specimen 11: pH 7.17, 
pCO, 50.5 mm.. pO, 50 mm. A routine left pneumonectomy was carried 
out with dissection of three mediastinal lymph nodes as a separate 
specimen. An additional | em of left stem bronchus was excised following 
inspection of the resected lung due to the proximity of the tumor to the cut 
edge Frozen section of the separate bronchial specimen was negative for 
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tumor. A tracheostomy was preformed at the conclusion of the procedure 
with the patient tolerating the operation well throughout 

Pathology report was leiomyosarcoma, moderately well differentiated 
arising from the lower lobe bronchus with metastases to the nearest 
peribronchial lymph node The three mediastinal lymph nodes were 
negative for metastases 

Postoperatively, the patient did well, but because he developed an AV 
block and tachycardia, the digoxin dosage which he had been taking 
preoperatively was increased and then subsequently discontinued when it 
was felt that this might be a factor in the continuation of the tachycardia 
He was placed on potassium which resulted in improvement. On the 9th 
postoperative day arterial gases were pH 7.472, pCO, 34.5 mm pO, 67.2 
mm and O; saturation 93 5% Improvement was gradual and he was dis- 
charged on the 21st post-operative day 

Two months following operation pulmonary function studies showed 
vital capacity of 40% of predicted normal. On forced expiratory volume Ist 


Sec 60%. 2nd Sec 73% and 3rd Sec 86%. The maximum voluntary ven- 
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tilation was 24% of predicted normal. This was interpreted as bbing essen 
tially unchanged from preoperative studies and an estimated 50% reduc- 
tion in breathing reserve. Arterial gas studies were normal with the pH 
7 406, pCO, 41.9 mm, pO; 83.2 mm and O, saturation 95.3% 

Clinically, the patient has continued to do well, feeling better than he 
has for many years and capable of activities which were previously 
prohibitive. His pulse rate remains normal. He continues to take medica 
tion for his sinusitis and slight asthma plus an expectorant 
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Synovial Sarcoma 


ROBERT E. GERNER, M.D.,° GEORGE E. MOORE, M.D., Ph.D., tł 


Of 34 cases with synovial sarcoma, the five-year survival rate 
was 36%. A high local recurrence rate results when local exci- 
sion is performed. Wide excision which may necessitate amputa- 
tion is the treatment of choice. Prophylactic and even 
therapeutic node dissections are ineffective in increasing sur- 
vival because of the disease. Evaluation of radiation therapy was 
impossible, although some patients obtained significant palia- 
tion. Adriamycin appears to have a tumoricidal effect and 
provided clinically significant responses in several patients. 


YNOVIAL sancoļma is the term most commonly 
S applied to an uncommon group of mesenchymal 
neoplasms arising from joints, bursae, and tendon sheaths. 
` The unique diagnostic histological feature of these tumors is 
the coexistence of two neoplastic cellular elements; a 
cuboidal-columnar epithelial-like cell and an elongated 
¿ ‚spindle fibrosarcoma-like cell. 
his report reviews our experience with 34 authenticated 
cases of synovial sarcoma treated at the Roswell Park 
Memorial Institute. Of the 34 patients, 6 and 13 were 
previously reported by Vincent! and Pickren® respectively. 


Clinical and Pathological Features 


Synovial sarcoma may occur at any age and equally in 
men and women, although most published reports indicate 
a slight preponderance for males. In this group of 23 males 
and II females, the age at the time of histologic diagnosis 
ranged from 10-78 years; with a majority of the cases oc- 
curring between the age of 15 and 50. 

The tumor may develop in any site where there are ten- 
dons, joints, or bursae. Most published reports list the lower 
extremity and especially the knee as the most frequent 
‘anatomical site. In this group, 26 tumors or 76% occurred in 
the lower extremity and of these, 13 or 50% were associated 
with the knee. 

Clinically, a majority of the tumors (19/34) presented as a 
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painless, slowly enlarging mass. An exception were those 
patients with tumors arising in a functional element of the 
knee, where a majority presented as a painful knee months 
before a tumor was palpable. 

The long clinical history and the problems of diagnosis 
are illustrated in the following brief case report. 


Case Report 


A.S., a 27 year old white male, fell and injured his left knee area in Oc- 
tober of 1960. Intermittent pain prompted a tentative clinical diagnosis of a 
Baker's Cyst, although no mass was evident in the left popliteal area. Dur- 
ing the next seven years, symptomatic reliet of intermittent pain was ob- 
tained by application of heat to the knee. An increase in the pain during 
1967 prompted removal of a cartilage from the left knee which did not 
provide relief of the pain. In March of 1968, a mass was detected and lo- 
cally excised from the left popliteal space. Histologie study of this lesion 
demonstrated a synovial sarcoma. Thirty-nine days later, a left mid-thigh 
amputation was performed and the presence of residual disease in the sur- 
gical specimen was confirmed. The first (distant) 
demonstrated by histological examination four years later following wedge 
excision of a 2 cm metastatic lesion in the lower lobe of the left lung. No 
further recurrences have been detected during the subsequent two years 


recurrence was 


The anatomical site of the primary tumor may result in 
unusual presenting manifestations which occurred in one of 
our patients. Paralysis of the motor branch of the ulnar 
nerve, secondary to the development of a tumor in the palm 
of the hand, prompted search for medical care. 

The duration of these tumors before definitive therapy 
varied from a maximum of 15 years to a minimum of four 
weeks. Twenty of the 34 patients sought medical attention 
within one year of the onset of symptoms. The interval from 
the time of biopsy to definitive surgical treatment ranged 
7-46 days, with an average of 23 days. 

Measurements of the primary tumor at the time of 
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diagnosis were documented i in 23 cases; the smallest tumor 


was 3.X.3 cm and the largest tumor was 16 X 23 cm. The 
average diameter of the tumor was 8 X 9'cm. This reflects 
the painlessness and the lack of interference with function. 

The gross appearance of the tumor could be evaluated 
from clinical notes or personal observations in 15 of the 34 
patients. A striking feature was psuedo-encapsulation which 
was misleading since simple enucleation invariably resulted 
in local recurrence. 

Roentgenographic studies were not helpful in the 
diagnosis, although angiographic studies may be helpful in 
delineating the size, extent and infiltration of the tumor. 

Thirteen patients underwent surgical procedures which 
provided tissue of lymph node bearing areas for histological 
study. The clinical impression versus the histological ex- 
amination of these nodes is summarized in Table 1. Three 
patients with clinically positive nodes were found to be 
negative for tumor invasion on histological examination. Six 
patients had - clinically negative nodes confirmed by 
histological study. Four patients with advanced disease had 
clinically positive nodes and on histological examination 
were found to be invaded’ by tumor. | 

Surgical procedures (local excision, wide excision, and/or 
amputation) were performed upon 18 additional patients 
without node dissections. During the followup period, 72% 

(18/18) developed distant metastasis and 2/ 18 sa as 
local recurrences without lymph node invasion. 


Treatment and Results 


Table 2 summarizes the followup of these 34 patients 
with synovial sarcoma. Six patients were. treated initially 
following biopsies’ by supra-radical amputations (fore- 
quarter. 2 and hindquaiter 4) and the first recurrence was 
distant in all six patients, less than one year in five patients 
and one year and six months in the remaining patient. 
Three patients died of metastatic disease at eight months; 
two years; and four years eight months. Three patients are 
living (nine months, 12 months, and 30 months) with 
pulmonary metastasis and two of the three patients have 
responded to chemotherapy, Adriamycin’ and - - Dimethyl 
Triazeno Imidazole Carboxamide.‘ Fourteen patients 
were treated initially by biopsy, enucleation, or local exci- 
sion for diagnosis followed by amputation, and i in addition 
two of the 14 patients had an incontinuity dissection of the 
regional lymph node bearing area. Ten patients had 
pulmonary metastasis detected within a period of 10 months 


to as long as five years and three of the 10 patients were 


Tanie l. Summary of Clinical vs. Histological Study of Lymph Nodes 





Clinically Histological 
No. of Pts. Positive Negative Positive ` Negative 
3 3 3 
6 6 
4 4 


TABLE 2.. Clinical Resumé of Treatment: 34 Patients with Synuvtal Sarcoma 


SYNOVIAL SARCOMA 


Living č Disease Died Disease 
25 yrs. <5 yrs. >65 yrs 


<5. yrs. 


Living NED 
>5 yrs. 


<O yrs. 


Rad. 


Other Treatment 
Chemo 


- Surg 


Additional 
Recurrences 


First 
Recurrence 


N 
Pts. 


‘Surgical Procedure 


quarter or Hindquarter 


Amputation 
- Biopsy or L..E. and Immediate 


L. E. Biopsy and Fore- 


3 


10 


-Amputation 
L. E. and W. E. or W. E. 


L. E. 


Wide. Excision. 
: No Evidence of Disease.. 


= Local Excision. 


t Living, No ‘Disease 23 years. 


* One >.10 yrs. One > 17 yrs. 
L E. 


Palliative Rx 
W. E. 
‘ NED 


Chemo. l 
` Biopsy or L. E. Radiation . 


. Biopsy (distant disease) 
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within Tess, than one year. In addition to the pulmonary 
‘metastasis, one of the 10 patients developed a recurrence at 
15 months in the amputated site of the limb, distal to the in- 
continuity groin dissection. Of these 14 patients, eight died 
with progressive disease in less than five years, and one 
patient at-seven years. Five patients are living; two less than 
five years, one free of disease, and one with disease, and 
thres patients are free of disease at 10 years seven months; 
five” ‘years. four months; and 17 years, respectively. 

- In summary, of the 20 patients with amputations (6 
- supraradical and 14 major), 16 develaped pulmonary 
- Metastasis and of these, eight patients or 50% had detec- 


E ‘table 1 metastasis within one year. 


l A local excision followed by a wide re-excision of the 
primary lesion was performed in four patients. A local 
recurrerice was observed in two patients within two years. 
` Three patients are living, two less than five years (one with 
‘and one without disease) and one patient is free of disease 
. for six years. One patient died at eight years eight months 
with progression of disease. 

Initially, only a local excision of the primary lesion was 
performed in two patients and local recurrences were 
observed in both patients within seven months. One of 
these patients had an above-the-elbow amputation for the 


. . local recurrence in the hand. Lung metastasis were detected 
- ‘within two years and a regression of all lesions by more than 


a. 75% før nine months was observed following chemotherapy 


* » with; „Adriamycin. Unfortunately, while on chemotherapy 


-thée was progression of disease and death with a survival 


a timé of three-years six months from the time of initial 


z diagnosis, The-second patient was treated by an above-the- 


2 “velbow.. aniputation for the first local recurrence in the 
i > primary: site of the elbow. Within 10 months a second local 


ẽcurrence in the amputated site was treated by combined 


“SS wide ‘deat. excision, postoperative radiation (5000 rads) to 
as Be the Stump, and systemic chemotherapy (Vincristine and 


’Cytoxan). This patient is living free of disease at five years 
six months from initial diagnosis. This recurrence in the site 
“of the: “amputation raises the question in regard to the op- 
timum site a limb should be sacrificed proximal to the 
primary tumor for removal of all tissue which may contain 
tumor tells extending along fascial planes. 

fwo patients were treated by local excision followed by 
. wide excision and chemotherapy (Vincristine-Cytoxan and 

` Nitrogen Mustard). One patient is living (two years six 
- ‘ months) free of disease and the other patient died with 

“progression of pulmonary metastasis at four years two 
* “months. | 
* The primary lesion in one patient was treated by local ex- 
cision followed’.by 4500 rads of radiation therapy. This 
patient has remained free of disease for 23 years. Another 
- patient with a large fixed tumor mass: of the left shoulder 
` supraclavicular area was treated, following only biopsy for 
diagnosis, with a total tumor dose of 10,000 rads of radiation 
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therapy (5000 rads external and 5000 rads by radium seeds). 
Initially, the patient had refused a forequarter amputation. 
The radiation therapy provided a 30% reduction in the fixed 
tumor mass, thus converting the primary lesion into a lo- 
cally resectable lesion. Unfortunately, a local recurrence at 
the primary site was detected within six months with pro- 
gression and the appearance of distant metastases and death 
at two years five months. 

Four patients were surgically incurable with pulmonary 
metastasis at the initial examination, These four patients 
received palliative treatment (surgery, radiation, 
chemotherapy) and all 7 within one year and sever 
months. 

The antitumor effect of 14 chemotherapy agents ad- 
ministered as either a single agent or in various com- 
binations for disseminated disease in 23 patients is sum- 
marized in Table 8. It is noteworthy that an objective 
response followed Adriamycin therapy in four of seven 
patients. One of these four patients has had a reduction in 
size of tumor lesions greater than 75% without the 
appearance of new lesions for more than three years. 

Eight patients are living with or without disease for a 
period less than five years; four patients were inoperable 
when first seen. Thus, 12 patients in this series of 34 patients 
are not included in the five-year survival. Of the remaining 
22 patients, eight of 36% were living free of disease at five 
years. Subsequently, two of these’ eight patients had 
pulmonary metastasis detected at seven years which was 
followed by progression and death. 


Comment | 


Synovial sarcomas present unique problems of diagnosis 
and therapy. This, malignancy is characterized by. local 
recurrences from direct extension for long distances along 
tissue planes and distant spread by way of the vascular 
system, thus resembling the biological characteristics of 
other connective tissue sarcomas. The pattern of the fatal 
distant metastasis reflect two factors: 1) vascular dissemina- 
tion; and 2) possible predilection sites which may be 


Taste 3. Response Following Non-surgical Treatment of 
Disseminated Disease - 


Objective 


Type of Therapy No. Pts. . Response* 

Chemotherapy Individual Agents 16 0 

(Hydroxyurea, Mitomycin C, 5-. FU 

Cytoxan, Vincristine, Methotrexate, 

Alkaran, Dactinomycin, Nitrogen 

Mustard, Thio Tepa, Thiocarzolamide, 

Cytosine Arabinoside, N®*Benzyladeno- 

side) 
Adriamycint : 7 4 
Immune Therapy 6 0 


* Regression of lesions without new lesions of 50% for 2 or more 
months. 


ł Combination with DTIC in 8 patients, no evidence of effect. 
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“favorable soil” for this tumor, that is; pleura, lung, 
diaphragm and pericardium. 

The prognosis of synovial sarcoma is — poor and 
the five-year survival of 36% in this series of patients is 
similar to other reports." MacKenzie® reported a 51% dis- 
ease free, five-year survival in a series of 49 patients. This in- 
crease in survival was attributed, in part to a shorter history 
interval before treatment than reported in other series. Pack 
and Ariel’ reported a 23.5% five-year survival in a series 
of 60 cases and in this series, those patients presenting 
with pain had a 38.4%, five-year survival. In our series, the 
five-year survival in those patients presenting with pain was 
44%; therefore, both series of cases may indicate an earlier 
search for medical care and earlier surgical intervention 
because of pain. 

The prognosis appears to be related to two critical factors; 
hamely, 1) that these tumors tend to have a long natural 
history and thus surgical intervention is performed late in 
the course of the disease; and 2) the continued attempts of 
conservative surgery for a grossly benign-appearing, in 
many instances “encapsulated,” lesion which possesses a 
high malignant potential. 

The reported incidence of local recurrences following 
local excisions of 28% to 92%? emphasizes the failure 
of conservative procedures, In this study, residual tumor 
was detected histologically in specimens from five of 
nine patients who had wide reexcision of recent locally 
excised lesions. Surgical treatment. of synovial sarcoma 
must include early detection, wide excision of the le- 
sion including- amputation when.those areas in which the 
underlying structures do not permit an adequate excision. 

The reported incidence of metastasis to regional lymph 
nodes of 12 to 37%,'**? has prompted some surgeons to 
recommend node dissections as an integral part of the initial 
surgical procedure. It is our observation that growth of 
tumor tissue in lymph nodes is usually a late phenomenon 
and that benefit ftom therapeutic node dissections is 
limited. 

The value of radiation therapy used as the only therapy, 
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or in combination with surgery cannot be —— from 
our series and other reported studies, because . of: small 
numbers of patients that are subdivided further by different 
methods of radiation therapy. Various degrees of tumor 
regression and pain relief were observed in several of cur 
patients following various tumoricidal doses of radiation. 


One patient had residual viable tumor after exposure-to a. 


minimum of 10,000 rads. Despite a general consensus: ‘that 
soft tissue sarcomas are radioresistant, protocol studies t using 
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large tumoricidal dosages (6,000-10,000 rads) may provide 


information as to the effectiveness of improving survival 
alone or in combination with surgery.. 


Most chemotherapeutic agents have been ineffective,’ but 


the antitumor effect of Adriamycin is enicouraging: and’ . 
further studies of this agent in combination with surgery 


and/or radiation for treatment of the primary lesion’ and for . 


disseminated disease is indicated. 
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oe The: tea year survival of patients at the Cleveland Clinic Geared 
by ‘operations less than radical mastectomy‘ was 45% compared 
with 43% in.identically staged patients of the “National Cancer 
. Registry” treated predominantly by. radical mastectomy. The 
five and ten-year Survival rates of. patients treated by simple 
operations was higher than that of a similar group of patients 
treated, by radical operations, but at 15 years there was no 
- difference. The late deaths from cancer in the patients treated 


7 ,--Gohservatively occurred in patients with favorably staged can- 


' cers’ ‘who. never had. local recurrences and most of whom had no 


— involvement. of nodes. The incidence of local recurrence was no 


higher‘; ‘after simple operations than after the radical procedure. 
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flammatory carcinoma, or satellite skin nodules distant from 
the cancer. Regardless of the size of tumor or of the nodes, 
the patients were still classified as operable Stages I and H 
unless they had-one or more of the above signs. The stage of 
the cancer, the histologic type, the treatment given, and the 
proportion of patients followed are shown in Table 1. 


Sy The Yenyear incidences ‘of local recurrence and of death from 
z J “Feancër were: the” ‘same after partial mastectomy as after total 
ae “‘gnastectomy. It is pointed out that differences in staging the can- 
xers ‘andi it reporting the survival rates invalidate comparisons of 
és reuilts. from different institutions. The figures presented suggest 
“al iat conservative operations and radical operations give the 
z “Same asürvival rates at ten and at 15 years. 


a is 
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Cobalt teletherapy was used chiefly for the definitive 
treatment of patients with such extensive metastases that it 
was. decided to treat the axilla by radiation rather than by 
surgery. In addition, 13% of the patients with clinical Stage 
I cancer were irradiated prophylactically. Most of these 

were selected for radiation treatment because the tumors 
ee ee were large or unfavorable. * 

peer of radical mastectomy have criticized the The treatment employed induced almost no morbidity. 
s&t tesults of lesser operations on the basis of an inferior ten- fewer than 1% of the patients had infections or sloughs. 
fh ` year, survival rate. The purpose of this article is to compare Significant arm edema or -limitation of motion of the 
* ten⸗ ‘and - 15-year survival rates following operations less shoulder occurred in only one patient, after irradiation. All 
“Z sthan radical mastectomy with those of patients treated pre- but six of the patients wee followed forten years. Three 

n ‘domiriantly by the staridard radical operation. that were lost to followup. between six and eight years had 

K no nodes involved, were well when last seen, but have been 
counted as dead. 


s 
'c 
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Material 


“AML patients with M anchester Stages I and II cancers seen 

at the Cleveland Clinic in the years 1957 through 1963 were 

. included. None were excluded becduse of age or disability. 
: . There were 355 patients with Stages I and II cancers in a 
— total of 454 patients with previously untreated breast cancer 
a: ‘seen in all departments of the Cleveland Clinic. Stages III 
~. and IV included patients with distant or supraclivicular 
metastasis, fixation of axillary nodes, edema of arm, in- 


Results at Five and Ten Years 


_ At five y years 72% of the operable Stages I and II ere 
were living, and at ten years, 45% were living, counting the 
six lost patients as dead. 

These results are ‘remarkably similar to those published 
by the National Institutes of Health in “End Results in Can- 


°” Although tumor did nat later appear in the nodes of any of the ir- 
radiated Stage I patients, it is likely that a third of this group of 17 were 
originally true Stage I] and had involvement of nodes. This means that at 
least five patients would have to be added to Stage II, increasing the pro- 

- portion of true Stage II cancers to 47%. 
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TABLE L 
e Cleveland Clinic Patients with Previously Untreated Breast 


Stage (Manchester), Type of Treatment and Followup of All 


Cancer 1957-1963 (Inclusive) | 
No. % 








Total patients 454 
Operable Stages I and I] 355 

' True Stage I | 189/355 53 
True Stage II 166/355 47 
Invasive cancer 342/355 96 
Modified radical mastectomy* 144/355 4) 
Simple mastectomy} 204/355 58 
Radical mastectomy 4/355 l 
Cobalt, postoperative 78/355 22 
Lost to followup 5 years 2/355 0.7 
Lost to followup 10 years 6/355 2 


* Included are seven patients who had partial mastectomy and axillary 
dissection l 

t Included are 38 patients who had partial mastectomy without axillary 
dissection. 


cer,” Report No. 4, 1972. The figures were obtained from 
the Cancer Registries of California, Connecticut, and 
Massachusetts, and from six university hospitals. Nearly all 
of them were treated by radical mastectomy (Table 2). 
Evidence that the stage of the disease in the two groups 
was similar is furnished by the fact that the proportions of 
patients with Stage I cancers were the same, as were also the 
survival rates of the patients who were classified as in- 


“operable (Stages III and IV). Fourteen per cent of the 


Cleveland Clinic Stages III and IV patients survived five 
years as compared with 12% of those from the Registry. 
There are two possible interpretations of these figures. 


_ The first is that, despite the apparent similarity in staging, 


the patients seen at the Cleveland Clinic:were for some rea- 
son in a more favorable stage of the disease. This is 
manifested by the higher survival rate of the Clinic pa- 
tients at five years. But the fact that the ten-year survival 
rates were identical would imply that the long-range results 
of conservative operations were inferior to those of radical 
mastectomy. 

In the second interpretation, it is assumed that in the two 
groups the stages of the cancers: were indeed the same, as 
evidenced by the identical staging of the patients with 
operable cancers and by the similar rates of survival of those 
with inoperable cancers. This interpretation is supported by 


- the identical ten-year survival rates of the two groups, and 


suggests the possibility that the lower five-year survival rate 
in the Registry series was the result of impariment of im- 
munity by radical surgery and/or radiation. 


Effects of the Type of Operation on Long-term Survival 


Delayed Axillary Dissection for Occult Cancer in Nodes 
Gave as Good Results as Immediate Dissection .. 


We have seen an advantage to simple operans at five 


years, but none at ten years. If this result was caused by 


failure of the simple operations to control the cancer locally 
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it should manifest this — by a significant incidence ot 
recurrence locally, or in the axillary nodes. E 


During 1957 through 1962, some of the Clinic's surgeons. 
were routinely performing modified radical mastectomies, .. 
even where there was no palpable involvement of nodes; 2 


and others in the same circumstance were doing only a siini. |. 
ple removal of the breast. During this period 28 patients ` 
with no evidence of involvement of nodes either clinically: 
or at the time of axillary exploration were treated by mastec- _ 


tomy and axillary dissection, and the pathologist found oc- . 


cult cancer present in the nodes. Another 24 patients with. 
occult cancer in nodes were treated by- mastectority ` analy, .- : 
without axillary dissection or radiation; but within the next... 
five years all were found to have evidence of. axillary ©. 
metastasis. Twenty-one were treated by delayed’ axillary *. 
dissection and three by delayed cobalt teletherapy: T] here” 
was no significant difference in the ten-year survival rates ‘Of 7 


the two groups (Table 3). . 2m 


The small difference in five- and ten-year simal rates n 


(11% in favor of the simple operations at five years and:4% 


at ten years) can be explained Ly selection, for the average’ 


diameter of the cancers treated by modified radical mastec- 
tomy was 3.1 cm compared: to 2. 1 cm for those treated. oy 
simple operations. 

There was less difference than one would atico in ihe’. 
extent of nodal involvement in the two groups. The ‘three 
patients treated by simple mastectomy and delayed: cobalt ` 
teletherapy were so treated because the nodal involyement-? 


seemed extensive. Assuming that each had‘ more: ‘than. thre 


nodes involved, we find that 11 (39%) of the 28. patients: 


treated by immediate axillary dissection had’ méré: thane. : 


three involved nodes compared to 16 (33% ).of those. treated” 


initially by simple operations. Therefore, from the’ — a 


point of the extent of nodal involvement, which isthe mot’ : 
important factor in prognosis, the two groups were: matched. - 
It seems that there is little or no advantage in — 


* 


(Manchester Stages I and II) Cancer in National Cancer 
Registry and Cleveland Clinic Series 


Cleveland Clinic - 

Cancer Registry 
Radical Operations 
(1955-1964, incl.) 


Radical 


% wo 

Proportion of patients 

in Stage I 53 53 
Proportion of patients 

in Stage H 47 47 
Stages III and IV, lived 

five years 12 14 
Stages I and II, lived F 

five years 61 71 (252/355) ~ 
Stages I and I, lived 

ten vears 42.8 45* (158/855) 


~ * Three patients with Stage I cancer, well six to eight years, were lost ` 


to followup and counted as dead. 


Simple and Modified ~ 


TaBLE 2. Comparison of Staging and Survival of Patients with Opetable ; E 


(1957-1963, iùėl.) = 7 


28 


Tepes, | Results of Treatments in Patients with Occult Cancer 
| + in Nodes (Operative Stage I True Stage I) 





Simple Mastectomy 





Fae >o Ë -tmmediate Modified Axillary Dissection 
soe ee ’ Radical Mastectomy* Later. No radiation 
_ Lived five'years 18/28 = 64% 18/24 = 75% 
-< Lived tena years., 8/28 = 29% 8/24 = 33% 


* Ele ven oF 28 had SA or more nodes involved (39%). 
į Eight of 24 had three or more nodes involved (38%). 


tic dissection of axillary nodes that contain occult deposits of 
..cariger, for these nodes can still be treated successfully when 
“thé metastasis appears. 


“The Incidence of Local Recurrence was no Higher After 
Conservative Operations than After Radical Ones 


K second, consideration in determining whether radical 
n ec are ‘more curative than simple ones is the in- 
— oſdence of loċal recurrence. It is hard to see how a radical 
“operation could be considered more curative than a simple 
‘one,:,if after the simple operation there is no higher in- 
cidencé-of local recurrence in scar, breast, or axillary nodes. 

As shown above, the first recurrence in nodes after a sim- 
plé operation does not adversely affect survival, provided 
that the: involved nodes are removed as soon as they be- 
come ‘palpable. ‘However, recurrence in the operative field 
| — either “surgery or radiation would have to be con- 
sidered: a “serious: complication associated with a lower rate 
r = ofisurvival. ‘The: incidence of local recurrence at ten years 
“was: 20/355, (5: 6%). Since this is lower than the 10% to 15% 
i incidence’ ‘of local recurrence that is usually reported after 
2 radical: Mastectomy, it appears that local recurrence could 
“Shot be’ a’ -factor"in lowering the ten-year survival rate after 
Toa operations.” 
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ea ae — “Any, — recurrence was so considered. 
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a FE ag Partial 
‘ — — Mastectomy 
> Average Size Tumor (matched)  2llem 

= Proportion with Nodes Involved (Matched) 19/42 
Average Number of Involved Nodes 5 
-Median Number of Involved Nodes: 2 

' Invasive Cancer (matched) 42/42 

Special Types: 2 mucinous 
~ Average Age 57 yr 


Axillary Dissection 


Cobalt, Postoperative 11/42 
Local Recurrence 3/42 
Lived Five Years 31/42 
Lived Ten Years 17/42 
Died Ten Years, Causes Other Than Cancer 9/42 

_ Cause of Death, Unknown 2/42 
Died of Cancer, Less Than Ten Years 14/42 
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The Ten-year Survival Rate and the Incidence of Local Re- 
currence After Partial Mastectomy was the Same as Aftere 
Total Mastectomy 


Since only 45 of the 355 operations were partial mastec- | 
tomies (13%), it is unlikely that inferior end results follow- 
ing partial mastectomy could have had a significant effect in 
lowering the ten-year survival rate of the patients in this 
series. | 

Moreover, a randomized matched-pair study (matched 
for type of cancer, size of cancer and involvement of nodes) 
showed no significant difference in the ten-year survival 
rates of patients treated by partial as compared with total 
mastectomy. Because there was selection toward treating 
older patients by partial mastectomy, the average age and 
the incidence of death from causes other than cancer was 
higher in the patients treated by partial mastectomy. But 
the incidence of death from cancer was the same in both 
groups (Table 4). 


Late Deaths After Conservative Operations Were not Asso- 
ciated with Local Recurrences : 


The foregoing ten-year report included only the patients 
treated in the years 1957 through 1962. During that period 
almost all patients having axillary dissections were treated 
by modified radical mastectomies. However, radical mastec- | 
tomy was not abandoned at the Cleveland Clinic until 1958, ° 
so that during the years 1955, 1956, and 1957, 25% of the 
radical operations were still of the conventional type with 
removal of muscles. It is therefore interesting to compare 
the long-term results of treatment by modified-radical or 
radical mastectomy during this period, often followed by 
radiation, with those following simple operations in which 
no attempt was made to remove the nodes and radiation 
was less frequently employed. All patients had invasive can- 
cer. 

The staging of the two groups is not comparable, be- 
cause the patients treated by radical or modified radical 


TABLE 4. Matched* Pair — (42 Cases) 1957 Through 1963 (Incl.} Followed for Ten — 


Total 
% Mastectomy e: 
2.1 cm 
45 l 19/42 45 
4, 
i 
42/42 
1 papillary 
Əl yr 
26/42 
17/42 
7 5/42 12 
74 26/42 62 
40 21/42 50 
21 5/42 12 
5 0/42 0 
34 16/42 38 





* Partial mastectomy vs. Total Mastectomy; matched for: 


1) invasive cancer; 


2) size of cancer; and 3) involvement of nodes. 
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operations tended to have moderately advanced cancers, 
whereas those treated by simple operations with or without 
radiation tended to have both the earliest and the most ad- 
vanced ones. There was also some selection in respect to 
age, the average age of the patients treated by simple opera- 
tions being three years more than that of the patients 
treated by radical operations. 

At five years, and even more so at ten years, there was a 
considerably higher survival rate in the patients treated con- 
servatively. Between ten and 15 years, however, this ad- 
vantage was lost, and the survival rates became the same 
(Fig. 1). 

During the period ten to 15 years after treatment, 15 of 
the 69 patients who had been treated by simple operations 
died, eight of cancer and seven of other causes. 

During the same period only four of the 62 patients 
treated by radical or modified radical mastectomy died, all 
of causes other than cancer. Thus in the period ten to 17 
years after operation, 12% of the patients treated by simple 
operations died of cancer, compared to none of the 62 who 
. were treated by radical operations. Does this mean that the 

simple operations gave inferior long-term results? Or does it 
mean that the long-term results were the same, but the 
short-term results were better after the simple operations? 
The answer lies in an analysis of the type of treatment and 
_of the course of the disease in the patients who died late. 
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One of the most important supports for the concept that 
conservative treatment gives long-range’ results com- 
parable to those following radical operations is. the fact that. 
all of the late deaths in patients treatéd by. ‘conservative 
operations were in patients who had never had any local rë- 
currence of cancer. 

Five of the eight patients — by simple ‘operations : 
who died of cancer between ten and 15 years later had true - 
Stage I cancers. Two more had had immediate axillary dis- 
section for involved nodes. Radical operations could not 
have extended their periods of survival. Seven more, died of 
causes other than cancer and without recurrence. Again-a - 
radical operation could not have affected their course. One 
patient, treated by simple mastectomy, had &-late ap» 
pearance of cancer in an axillary node, but there was never 
any local recurrence after delayed axillary dissection. There-.. 
fore, it seems unlikely that in this group of cases the i in- 
creased incidence of death between ten and 15 years, was 
the result of a relative failure of the conservative freafinent 


- 


á 


Discussion — 


There are several reports of ten-year survival rates of pa- 


tients with breast cancer treated by radical mastectomy that 


are as much as 18% higher than those reported ffom the 
Cleveland Clinic or by most surgeons who treat ‘bréast:can- 
cer by standard radical mastectomy. On careful readingsat 


_ 69 64, S57, 53, 46 44 42 38 34, 33, 26, 23 0202S P — 
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= aed sot hide AT Saree 
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Fic, 1. Comparison of sur- =a . ae) yagi A a 
vival after simple and a —— — — 
radical — at the ẽ RADICAL MASTECTOMY : Ka 
eet Q 27% SURVIVED 15 YEARS 43 
Cleveland Clinic, 1955-1957. Ww 40 — a 
Radical mastectomy in- ` | l 
cludes modified radical. 


Simple mastectomy in- 


cludes partial mastectomy. 20 





5 6 7. 8 9 0 I R B 6 Be 
YEARS POST OP : 


SIMPLE DIED OF Ca 10 TO 15 YRS 7/33 : D.O.C. 7/33 


RADICAL DIED OF Ca 10 TO 15 YRS 0/21 


: D.O.C. 4/21 


1955, 1956, 1957 ALL OPERABLE STAGET AND -IL CANCERS 
(NON-INVASIVE INTRADUCT CANGERS EXCLUDED) 
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these, however, one finds that one or more of the following 
qualifying factors are present: 1) The report includes only 
patients-selected for treatment by radical mastectomy. 2) 
The: figures quote relative or definitive survival rates in 
= which a correction is made for patients dying of causes other 
‘than cancer: 3) The patients are staged in such a way as to 
exclude thé: ‘advanced Stage II cancers that are included in 
thé ‘Cleveland. Clinic's Manchester staging. 4) The pro- 
` portion. of noninvasive (intraduct or lobular in situ) cancers 
is not- stated. 5) The patients come from a referred private 
_ practice ‘and do not represent an overall institutional ex- 
"perience, ‘hence many small carcinomas may be diagnosed 
early.” ne . 

In this. study, comparing the results of conservative 
“operation at the Cleveland Clinic with those of radical ones 
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reported in the National Cancer Registry, long-term sur- 
vival after treatment of cancer of the breast appears to de- « 
pend more on the original state of the disease than on 
whether radical or conservative treatment was given. Al- 
though the numbers are too small to be of statistical sig- 
nificance. The short-term survival seems to be slightly 
shortened by radical treatment. 


Conclusions 


It is important to evaluate the literature carefully before 
concluding that one form of treatment of breast cancer has 
any long-range advantage over another. The figures pre- 
sented here suggest that conservative operations and radical 
operations give the same rate of survival at ten and at 15 
years. 
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Summary. 


formula Contains vitamins B,, Bo, 
amide, dexpanthenol and B4. If needed, 
n K, vitamin B» and folic acid ma 












a semi-synthetic tetracycli hycla 


(doxycycline hyclate 
for injection) 


The once-a-day intravenous antibiotic 


The usual adult dosage of Vibramycin I.V. is 200 mg. on the fi ‘day 
seu 


mycinlV. z 










of treatment administered in one or two infusions. Sub 


daily dosage is 100 to 200 mg. depending upon the severity of tion, 


with 200 mg. administered in one or two infusions. 
— — 





1. 
Effective in a wide range of 
_  surgicalsituations 
ar- bowel infections, peritonitis, 
pyelonephritis, cholecystitis, 
prostatitis, cellulitis, abscesses, 
and wounds 


WHEN CAUSED BY SUSCEPTIBLE* STRAINS OF THESE ORGANISMS 
Klebsiella pneumoniae,* Enterobacter aerogenes, Escherichia coli, Bacteroides 
*Many strains of bacteria have been shown to be resistant to tetracyclines. These include strains of 
streptococci, pneumococci, and many gram-negative organisms. Therefore, culture and sensitivity testing 
are advisable to determine the susceptibility of the infecting organism to doxycycline. 
'Respiratory and urinary infections. 








2. 

_Studies to date have indicated that 
Vibramycin at the usual recommended 
` doses does not lead to excessive 

accumulation of the antibiotic in patients 
with renal impairment 





3. 
The therapeutic antibacterial serum 
activity will usually persist for 24 hours 
following recommended dosage 





See Brief Summary on following 
page for information on side effects, 
dosage and contraindications. 
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A semi-synthetic tetracycline 


late 


E i * 
Vials containing doxycycline hyciate equivalent 
to 100 mg doxycycline with 480 mg ascorbic acid and 
200 mg. doxycycline with 960 mg. ascorbic acid 


The once-a-day intravenous antibiotic 


The usual adult dosage of Vibramycin I.V. is 200 mg. on the first day 
of treatment administered in one or two infusions. Subsequent 
daily dosage is 100 to 200 mg. depending upon the severity of infection, 
with 200 mg. administered in one or two infusions. 


Vibramycin® Hyclate (doxycycline hyclate) and 

Vibramycin® Hyclate I.V. (doxycycline hyclate for injection) 

BRIEF SUMMARY 

Contraindicated: In persons hypersensitive to any of the tetracy- 
clines. 

Warnings: Use of tetracyclines during the last half of pregnancy, in- 
fancy and childhood to the age of 8 years may cause permanent 
discoloration of developing teeth. This is more common during 
long-term use of the tetracyclines but has been observed following 
repeated short-term courses. Enamel hypoplasia has also been re- 
ported. Thus, tetracyclines should not be used in this age group un- 
less other drugs are not likely to be effective or are contraindicated. 
Individuals receiving tetracycline antibiotics should be advised that 
direct sunlight or ultraviolet light can cause photosensitivity reac- 
tions. If these reactions (exaggerated sunburn) occur, discontinue 
therapy. Doxycycline forms a stable calcium complex in any bone- 
forming tissue. Fibula growth has been decreased in prematures 
given oral tetracyclines 25 mg./kg. q. 6 h., but this reaction was re- 
versible when the drug was discontinued. 

The antianabolic action of the tetracyclines may cause an in- 
crease in BUN. Studies to date indicate that this does not occur 
to a significant degree with the use of Vibramycin in patients with 
impaired renal function. 

Vibramycin Intravenous has not been studied in pregnant pa- 
tients. It should not be used in pregnant women unless, in the judg- 
ment of the physician, it is essential for the welfare of the patient. 

Animal studies indicate that tetracyclines cross the placenta, are 
' found in fetal tissues and can have toxic effects on the developing 
fetus. Evidence of embryotoxicity has also been noted in animals 
treated early in pregnancy. 

The use of Vibramycin Intravenous in children under 8 years is 
not recommended because safe conditions for its use have not 
been established. 

Tetracyclines are present in the milk of lactating women who are 
taking a drug in this class. 

Precautions: Overgrowth of nonsusceptible organisms may occur, 
including fungi. If such superintections are encountered, discon- 
tinue Vibramycin and institute appropriate therapy. 

in venereal disease when coexistent syphilis is suspected, a dark- 
field examination should be done before initiating therapy. Conduct 
monthly serological tests for at least 4 months. 

Because tetracyclines depress plasma prothrombin activity, pa- 
tients on anticoagulant therapy may require downward adjustment 
of their anticoagulant dosage. 

In long-term therapy, conduct periodic laboratory evaluation of 
organ systems, including hematopoietic, renal and hepatic. 

Treat all Group A beta-hemolytic streptococcal infections for at 
least 10 days. 

Avoid giving doxycycline with penicillin because of possible inter- 
ference with penicillin activity. 

Antacids containing aluminum, calcium, or magnesium impair 
absorption and should not be given concomitantly to patients taking 
oral Vibramycin. 

Adverse Reactions: Anorexia, nausea, vomiting, diarrhea, glossitis, 


dysphagia, enterocolitis, inflammatory lesions (with monilial over- 
growth) in the anogenital region, maculopapular and erythematous 

rashes. exfoliative dermatitis, photosensitivity, urticaria, angio- 
neurotic edema, anaphylaxis, anaphylactoid purpura, pericarditis, 
exacerbation of systemic lupus erythematosus, hemolytic anemia, 
thrombocytopenia, neutropenia and eosinophilia have been re- 
ported. Prolonged administration of tetracyclines may produce 

brown-black microscopic discoloration of thyroid glands. No ab- 
normalities of thyroid function studies are known to occur. Bulging 

fontanels have been reported in young infants on therapeutic dos- 
age but disappeared when the drug was discontinued. A dose- 
related rise in BUN has been reported. 

Oral Adult and Children’s Dosages: See the Vibramycin Oral pack- 
age insert tor recommended dosage schedules for adults and 

children. 

Intravenous Dosage and Administration: Note: Rapid administration 

is to be avoided. Parenteral therapy is indicated only when oral 

therapy is not indicated. Oral therapy should be instituted as soon 

as possible. If intravenous therapy is given over prolonged periods 

of time, thrombophlebitis may result. 

The usual dosage and frequency of administration of Vibramycin 
1.V. (100-200 mg./day) differs from that of the other tetracyclines 
(1-2 Gm./day). Exceeding the recommended dosage may result in 
an increased incidence of side effects. 

Studies to date have indicated that Vibramycin, at the usual rec- 

ommended doses, does not lead to excessive accumulation of the 
antibiotic in patients with renal impairment. 
Intravenous Adult Dosage: The usual dosage of Vibramycin I.V. is 
200 mg. on the first day of treatment administered in one or two in- 
fusions. Subsequent daily dosage is 100 to 200 mg. depending on 
the severity of infection, with 200 mg. administered in one or two 
infusions. 

in the treatment of primary and secondary syphilis, the recom- 
mended dosage is 300 mg. daily for at least 10 days. 

Intravenous Children's Dosage: The recommended dosage schedule 
for children weighing 100 pounds or less is 2 mg./!b. of body weight 
on the first day of treatment, administered in one or two infusions. 
Subsequent daily dosage is 1 to 2 mg./Ib. of body weight given as 
one or two infusions, depending on the severity of the infection. For 
children over 100 pounds the usual adult dose should be used. (See 
“Warning” Section for Usage in Children.) 

General: The duration of infusion may vary with the dose (100 to 
200 mg. per day), but is usually one to four hours. A recommended 
minimum infusion time for 100 mg. of a 0.5 mg./mi. solution is one 
hour. Desired concentrations of the final solution should be 0.2 
mg./ ml, to 0.5 mg./mi. Concentrations below 0.1 mg./ml. or above 
1.0 mg./ml. are not recommended. Therapy should be continued for 
at least 24-48 hours after symptoms and fever have subsided. The 
therapeutic antibacterial serum activity will usually persist for 24 
hours following recommended dosage. 

Intravenous solutions should not be injected intramuscularly nor 
subcutaneously. Caution should be taken to avoid the inadvertent 
introduction of the intravenous solution into the adjacent soft tissue. 

More detailed professional information available on request. 


Capsules equivalent to 


For follow-up therapy / Vibramycin' nyciae Capsules 


(doxycycline 


clate) 


50 mg. and 100 mg doxycycline 


A semi-synthetic tetracycline 


Pfizer LABORATORIES DIVISION 
PFIZER INC 


How much has her rheumatoid arthritis improved? 





Ring Size — measured in millimeters to evaluate Walking time — determined by the number of 
swelling of finger joints seconds required to walk 50 feet 
‘ - * Ji 7 1} os * Faz. g „< — 1 r t oar 





— =. 


* — TSRS J = a: F a a 

Grip strength— measured in millimeters of Inflammation index — arrived at by ascribing 
mercury using a rolled spohygmomanometer cuff values of 1 to 4 to degree of pain, redness, swelling, 
tenderness, and presence of joint fluid; then 
totalling five parameters 


Ascriptin helps her get the most from aspirin therapy 


When you specify Ascriptin, you're specifying Maalox®-protected aspirin. Ascriptin 
eases joint pain, stiffness and inflammation, while guarding against aspirin-induced 
gastric distress. That means your patient is more likely to tolerate the high dosage 

level of aspirin required to reduce arthritic J 
inflammation. Thus, the patient will stay IN rheumatoid and osteoarthritis 
with an optimal dosage over an extended 

period, hopefully showing greater improve- 

ment. After all, if dosage is optimal, 

chances are that therapeutic benefits of 

Ascriptin will be, too. the Maalox"-protected aspirin 


WILLIAM H. RORER, INC. | 
Fort Washington, Pa. 19034 












he Snyder Hemovac. 
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Springs assure constant, gentle, 
negative pressure that draws out 
the excess serosanguineous 


fluid. 
Encourages primary approxi- Convenient drain for emptying 
mation of tissue and early evacuator. 


revascularization. 


— 


Graduated fluid level available in 
200cc, 400cc, and 800cc 


capacities. 


32", 4%", Xe", %" O.D. transparent 
medical grade wound tubing. 


X" size tubing is especially 
pliable for use in mastectomies 
and similar procedures. 


Two-way directional flow control 
available for closed system 
irrigation. 


Constant, even suction 
aids infection control. 


The Snyder Hemovac™ .. . the first practical, portable, 


disposable closed wound suction system. It’s still first choice. 
It has proven so effective in reducing the incidence of 


post-operative infection that surgeons use it routinely. 





The Snyder Hemovac has a wide range of alternatives. 
Its available in three capacities, with four sizes of 
transparent medical grade wound tubing. 


SO before infection becomes a problem, make 
snyder Hemovac part of the prevention. 





— 
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Warsaw, Indiana 46580 
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ZIMMER-CANADA ZIMMER-USA-EUROPA 
62 Rue de Brabant - Brussels 1030, Belgium 


150 Skyway Ave.» Rexdale, Ontario 


An unextreme parenteral meee can be preferable for the relief of moderate to 
severe pain associa 


with many everyday hospital situations. 









Multiple fractures 





— 
Intestinal colic 


Acute bursitis Appendectomy 


Since clinical experience in children under 12 years of age is limited, the use of Talwin (brand of pentazocine, 
as lactate) in this age group is not recommended. Since sedation, dizziness, and occasional euphoria 
have been noted, ambulatory patients should be warned not to operate machinery, drive cars, or unnecessarily 
expose themselves to hazards.See full instructions and warnings on last page. 





the unextreme 
injectable — 
for serious pain 


Talwin doesn't go to extremes. 

: Yet, Talwin relieves serious 
pain (moderate to severe pain) in 
the great majority of everyday 
hospital situations. 


For most serious pain —Talwin has in fact 
been shown comparable to narcotics such as | 
morphine and meperidine, in analgesic efficacy... 
with less likelihood of some of the extreme ad- 
verse effects produced by the opiates in general. 

With Talwin there is a low incidence of 
respiratory depression, hypotension, urinary 
retention, and constipation. 














Injectable 


brand of 


pentazocine 


(as lactate) 


extremely effective for most patients 
30mg. 45mg. 60 még. 


See important product information concerning warnings, adverse reactions, patient selection 
prescribing and precautionary recommendations on last page of this advertisement 





Talwin” 
Brand of pentazocine (as lactate) 
Analgesic for Parenteral Use 







Ampuls: 30 mg. (1 ml.), 45 mg. 
(1% ml.), and 60 mg. (2 ml.) 


Vials: (10 mi.) 30 mg./ml. 
30 mg. for I.V., I.M., or S.C. use 
45 mg. for I.M. or S.C. use 

60 mg. for I.M. or S.C. use 


Indications: For the relief of moderate to severe 
pain. Talwin may also be used for preoperative 
or preanesthetic medication and as a supple- 
ment to surgical anesthesia. 

Contraindication: Talwin should not be admin- 
istered to patients who are hypersensitive to it. 
Warnings: Drug Dependence. Special care 
should be exercised in prescribing pentazocine 
for emotionally unstable patients and for those 
with a history of drug misuse. Such patients 
should be closely supervised when long-term 
therapy is contemplated. There have been in- 
stances of psychological and physical depend- 
ence on Talwin-in patients with such a history 
and, rarely, in patients without such a history. 
Abrupt discontinuance following the extended 
use of parenteral Talwin has resulted in symp- 
toms such as abdominal cramps, elevated tem- 
perature, rhinorrhea, restlessness, anxiety, and 
lacrimation. Even when these occurred, discon- 
tinuance has been accomplished with minimal 
difficulty. In the rare patient in whom more than 
minor difficulty has been encountered, reinstitu- 
tion of parenteral Talwin with gradual withdrawal 
has ameliorated the patient's symptoms. Sub- 
stituting methadone or other narcotics for Talwin 
in the treatment of the Talwin abstinence syn- 
drome should be avoided. 

In prescribing parenteral Talwin for chronic use, 
particularly if the drug is to be self-administered, 
the physician should take precautions to avoid in- 
creases in dose and frequency of injection by the 
patient and to prevent the use of the drug in an- 
ticipation of pain rather than for the relief of pain, 
Just as with all medication, the oral form of 
Talwin is preferable for chronic administration. 
Head Injury and Increased Intracranial Pressure. 
The respiratory depressant effects of Talwin and 
its potential for elevating cerebrospinal fluid 
pressure may be markedly exaggerated in the 
presence of head injury, other intracranial le- 
sions, or a preexisting increase in intracranial 
pressure. Furthermore, Talwin can produce ef- 
fects which may obscure the clinical course of 
patients with head injuries. In such patients, 
Talwin must be used with extreme caution and 
only if its use is deemed essential. 

Usage in Pregnancy. Safe use of Talwin during 
pregnancy (other than labor) has not been estab- 
lished. Animal reproduction studies have not 
demonstrated teratogenic or embryotoxic ef- 
fects. However, Talwin should be administered 
to pregnant patients (other than labor) only 
when, in the judgment of the physician, the po- 
tential benefits outweigh the possible hazards. 
Patients receiving Talwin during labor have ex- 
perienced no adverse effects other than those 
that occur with commonly used analgesics. 
Talwin should be used with caution in women 
delivering premature infants. 

Acute CNS Manifestations. Patients receiving 
therapeutic doses of Talwin have experienced, 
in rare instances, hallucinations (usually visual), 
disorientation, and confusion which have cleared 





the unextreme 


spontaneously within a period of hours. The 
mechanism of this reaction is not known. Such 
patients should be very closely observed and 
vital signs checked. If the drug is reinstituted it 
should be done with caution since the acute 
CNS manifestations may recur. 

Usage in Children. Because Clinical experience 
in children under twelve years of age is limited, 
the use of Talwin in this age group is not rec- 
ommended. 

Ambulatory Patients. Since sedation, dizziness, 
and occasional euphoria have been noted, am- 
bulatory patients should be warned not to op- 
erate machinery, drive cars, or unnecessarily 
expose themselves to hazards. 

Precautions: Certain Respiratory Conditions. The 
possibility that Talwin may cause respiratory de- 
pression should be considered in treatment of 
patients with bronchial asthma. Talwin should 
be administered only with caution and in low 
dosage to patients with respiratory depression 
(e.g., from other medication, uremia, or severe 
infection), severely limited respiratory reserve, 
obstructive respiratory conditions, or cyanosis. 
Impaired Renal or Hepatic Function. Although 
laboratory tests have not indicated that Talwin 
causes or increases renal or hepatic impairment, 
the drug should be administered with caution to 
patients with such impairment. Extensive liver 
disease appears to predispose to greater side 
effects (e.g., marked apprehension, anxiety, diz- 
ziness, sleepiness) from the usual clinical dose, 
and may be the result of decreased metabolism 
of the drug by the liver. 

Myocardial Infarction. As with all drugs, Talwin 
should be used with caution in patients with my- 
ocardial infarction who have nausea or vomiting. 
Biliary Surgery. Until further experience is 
gained with the effects of Talwin on the sphinc- 
ter of Oddi, the drug should be used with cau- 
tion in patients about to undergo surgery of the 
biliary tract. 

Patients Receiving Narcotics. Talwin is a mild 
narcotic antagonist. Some patients previously 
given narcotics, including methadone for the 
daily treatment of narcotic dependence, have 
experienced withdrawal symptoms after receiv- 
ing Talwin. 

CNS Effect. Caution should be used when Talwin 
is administered to patients prone to seizures; 
seizures have occurred in a few such patients 
in association with the use of Talwin although 
no cause and effect relationship has been estab- 
lished. 

Adverse Reactions: The most commonly occur- 
ring reactions are: nausea, dizziness or light- 
headedness, vomiting, euphoria. 

infrequently occurring reactions are—respira- 
tory: respiratory depression, dyspnea, transient 
apnea in a small number of newborn infants 
whose mothers received Talwin during labor; 
cardiovascular: circulatory depression, shock, 
hypertension; CNS effects: sedation, alteration 
of mood (nervousness, apprehension, depres- 
sion, floating feeling), dreams; gastrointestinal: 
constipation, dry mouth; dermatologic including 
local: diaphoresis, sting on injection, flushed 
skin including plethora, dermatitis including pru- 
ritus; other: urinary retention, headache, pares- 
thesia, alterations in rate or strength of uterine 
contractions during labor. 

Rarely reported reactions include—neuromuscu- 
lar and psychiatric: muscle tremor, insomnia. 
disorientation, hallucinations; gastrointestinal: 
taste alteration, diarrhea and cramps; ophthal- 
mic: blurred vision, nystagmus, diplopia, miosis; 
hematologic: depression of white blood cells (es- 
pecially granulocytes), usually reversible and 





injectable 


for serious pain 


usually associated with diseases or other drugs 
which are known to cause such changes, moder- 
ate transient eosinophilia; dermatologic: soft 
tissue induration, nodules, cutaneous depres- 
sion, ulceration (sloughing) at the injection site, 
toxic epidermal necrolysis; other: tachycardia, 
weakness or faintness, chills, allergic reactiong 
including edema of the face. 

See Acute CNS Manifestations and Drug De- 
pendence under WARNINGS. 

Dosage and Administration: Adults, Excluding 
Patients in Labor. The recommended single 
parenteral dose is 30 mg. by intramuscular, sub- 
cutaneous, or intravenous route. This may be 
repeated every 3 to 4 hours. Doses in excess of 
30 mg. intravenously or 60 mg. intramuscularly 
or subcutaneously are not recommended. Total 
daily dosage should not exceed 360 mg. As with 
most parenteral drugs, when frequent daily in- 
jections are needed over a prolonged period, 
intramuscular administration is preferable to 
subcutaneous. In addition, constant rotation of 
injection sites (e.g., the upper outer quadrants 
of the buttocks, mid-lateral aspects of the thighs, 
and the deltoid areas) is recommended. 
Patients in Labor. A single, intramuscular 30 mg. 
dose has been most commonly administered. An 
intravenous 20 mg. dose has given adequate 
pain relief to some patients in labor when con- 
tractions become regular, and this dose may be 
given two or three times at two- to three-hour 
intervals, as needed. 

Children Under 12 Years of Age. Since clinical 
experience in children under twelve years of age 
is limited, the use of Talwin in this age group is 
not recommended. 

CAUTION. Talwin should not be mixed in the 
same syringe with soluble barbiturates because 
precipitation will occur. 

Overdosage: Manifestations. Clinical experience 
with Talwin overdosage has been insufficient to 
define the signs of this condition. 

Treatment. Oxygen, intravenous fluids, vaso- 
pressors, and other supportive measures shoulde 
be employed as indicated. Assisted or controlled 
ventilation should also be considered. Although 
nalorphine and levallorphan are not effective 
antidotes for respiratory depression due to over- 
dosage or unusual sensitivity to Talwin, paren- 
teral naloxone (Narcan®, available through Endo 
Laboratories) is a specific and effective antago- 
nist. 

Talwin is not subject to narcotic controls. 

How Supplied: Uni-Amp'’-—Individual unit dose 
ampuls of 1 mi. (30 mg.) and 2 ml. (60 mg.) in 
boxes of 25. 

Ampuls of 1% ml. (45 mg.) in boxes of 10, 25, 
and 100. 

Each 1 mi. contains Talwin (brand of pentazo- 
cine) as lactate equivalent to 30 mg. base and 
2.8 mg. sodium chloride, in water for injection. 
Multiple dose vials of 10 ml., each 1 ml. contain- 
ing Talwin (brand of pentazocine) as lactate 
equivalent to 30 mg. base, 2 mg. acetone sodium 
bisulfite, 1.5 mg. sodium chloride, and 1 mg. 
methylparaben as preservative, in water for In- 
jection. Boxes of 1. 

The pH of Talwin solutions is adjusted between 
4 and 5 with lactic acid and sodium hydroxide. 
The air in the ampuls and vials has been dis- 
placed by nitrogen gas. 


Winthrop Laboratories, New York, N.Y. 10016 


(Winthrop | 


(1639m) 










Injectable 


tazocine 


(as lactate) 


Keflin IV. 


sodium cephalothin 


2 Gm.* in 100-ml. ampoule 


Equivalent to cephalothin 








Only th : Lawton Coll ction 





suarantees unvarying product 
uniformity in its entire line 
year after year. 
















These are identical twins. But they were born six years apart. 
Lawton knows surgeons...knows how their hands get 
accustomed to the feel and weight and balance ofa favorite 
instrument. That's why all instruments in the Lawton Collec- 
tion are made in accordance with unvarying Lawton patterns, 
molds, and production specifications. Only the Lawton 
Collection guarantees that every precision instrument will be 
identical in every minute detail with any of its counterparts 
made previously by Lawton. 
Ask your Seamless distributor about these unique 
instruments and the many other hospital products and 
services provided by Seamless. 
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DIVISION OF DART INDUSTRIES « 253 HALLOCK AVENUE » NEW HAVEN - CONNECTICUT 06503 


Dr. Philip Thorek shows you, step-by-step, 
the operative procedures he has found most 


effective in a broad range of surgical problems 


ATLAS OF SURGICAL TECHNIQUES 


By Philip Thorek, M.D., F.A.C.S., F.LC.S. 
Illustrated by Carl T. Linden 


From tracheostomy to subtotal gas- 
trectomy, each procedure presented in 
this atlas has proven its advantages 
over and over again in the operating 
room. In collaboration with the bril- 
liant medical artist Carl T. Linden. 
Dr. Thorek covers the surgical prob- 
lems most frequently encountered in 
daily practice. You'll find pages de- 
voted to procedures such as hernior- 
rhaphy, splenectomy, thoracostomy, 
hemorrhoidectomy, etc. Each opera- 
tive procedure is clearly presented, 
step-by-step, on a right hand page, 
with explanatory text on the facing 
page. 


Where competitive techniques for 
given conditions exist, Dr. Thorek 
states his preferences with character- 
istic clarity and candor. Every choice 
is critically discussed and firmly sup- 


ported in the detailed presentations. 


All the illustrations are original, the 
text type is large and legible, and the 
beautiful illustrations are labelled with 
maximum clarity. The author’s repu- 
tation as a medical communicator is 
once again demonstrated in this, his 
latest work. 


“Well integrated sections on anatomy 
and a generous sprinkling of technical 
‘pearls’ distinguish this short atlas, 
drawn from a long surgical experi- 
ence. . .—Journal of the American 
Medical Association. 


. an excellent production which 
should be found in every medical li- 
brary.”"—British Journal of Surgery. 


Every surgeon, from resident to chief 
of service, will want to include this 
atlas in his armamentarium. 


196 pages e 1970 ¢ $22.00 
80 full pages of illustrations containing 655 figures 


J. B. LIPPINCOTT COMPANY 
East Washington Square 
Philadelphia, Pa. 19105 


Please send me: 


O ATLAS OF SURGICAL TECHNIQUES 


NAME 
ADDRESS .... 


CITY 


C] Payment Enclosed 


_ STATE 
O Charge and Bill Me 


Lippincott 


P, 


‘Effective performance m 
postsurgical and other serious 
susceptible hospital infections 


Bacteriologically controlled stucies to D. pneumoniae, Group A beta- 
demonstrated efficacy in patients with: hemolytic streptococci, Klebsiella 

a Skin and soft-tissue infections due spp. or H. influenzae. 

to Staphylococcus aureus, including a Genitourinary tract infections due 


penicillin G-resistant staph, Group A to £. coli, P. mirabilis, Klebsiella 
beta-hemolytic streptococci or E. coli. spp. or Staph ylococcus aureus, 
s Respiratory tract infections due including penicillin G-resistant staph 





Flexible Dosage: adjustable 
to fit severity of infection and 
renal status of patient: 


The usual adult dose of Cefady] is 0.5 Gm. to 

1 Gm. every 4 to 6 hours intramuscularly 

or intravenously. Doses up to 12 Gm. daily may 
be used in very serious or life-threatening 
infections. 


No nephrotoxicity reported 
during extensive clinical trials 


In fact, when Cefadyl was given to patients with 
marked reduction in renal function and to renal 
transplant patients, no adverse effects were 
reported. However, renal status of patients 
should be determined prior to and during Cefady!] 
therapy, since in patients with impaired renal 

Low incidence of venous function, a reduced dose may be appropriate. 

: Rises in BUN have been observed: their fre- 

irritati m on AY administratie Wles quency increases in patients over 50 years old. 
(See Dosage, Adults —in Prescribing Informa- 


well tolerated locally tion on last page.) 


In controlled studies of volunteers and of 

patients receiving I.V. Cefadyl, the incidence of 
venous irritation was low. Controlled studies in 
normal adult volunteers revealed that Cefady] 
was well tolerated intramuscularly. 

Cephalosporins are reported to produce 
maculopapular rash, urticaria, reactions re- 
sembling serum-sickness and anaphylaxis. 
Kosinophilia and drug fever have been observed 
to be associated with other allergic reactions. 
These reactions are most likely to occur in 
patients with a history of allergy, particularly 
to penicillin. 

In penicillin-allergic patients, cephalosporins 
should be used with great caution. There is 
clinical and laboratory evidence of partial cross- 
allergenicity of the penicillins and the cephalo- 
sporins, and there are instances of patients who 
have had reactions to both drugs [including fatal 
anaphylaxis after parenteral use). 


Ceta 


Sterile 
cephapirin sodium 


Please see next page for Prescribing Information. 











‘BRISTOL 


to Cefadyl. oa 
‘ue Disc Susceptibility Tests—Quantitative methods that 


> 


; TEADS (sterile cephapirin sodium) 


Cefadyl., 


= sterile 
c pirin sodium i 


Effective performance in surgical and other serious 
susceptible hospital infections 


7628 DIRO-07 July 1974 
escription. Cefady! (sterile cephapirin sodium} is a cephalosporin antibiotic in- 
tended for intramuscular and intravenous administration only. It is supplied as the 
sodium salt of 7-[a-(4-pyridylthio)-acetamido]-cephalosporanic acid, Each 500 mg. 
contains 1.18 milliequivalents of sodium, 
Actions. Human Pharmaco/ogy—Foltowing intramuscular administration of single 
500-mg. and 1-Gm. doses to normal volunteers, average peak serum levels of 9.0 
and 16.4 mcg./ml. respectively, were attained at 30 minutes, declining to 0.7 and 
Med mcg./ml. respectively, at 4 hours and 0.2 and 0.3 mcg./ml, respectively, at 
ours. 

Cefadyl and its metabolites were excreted primarily by the kidneys. Antibiotic 
activity in the Urine was equivalent to 35% of a 500-mg. dose 6 hours after I.M. 
injection, and to 65% of a 500-mg. dose 12 hours after injection. Following an I.M. 
dose of 500 mg., peak urine levels averaged 900 mcg./mi. within the first 6 hours. 

Fojlowing rapid intravenous administration of singie 0.5-Gm,, 1-Gm., and 2-Gm, 
doses, peak serum levels of 35, 67, and 129 mcg./ mi. respectively, were attained at 
5 minutes, declining to 6.7, 14.0, and 31.7 meg./ml. respectively, at 30 minutes 
and 0.27, 0.61, and 1.11 mcg./ml. respectively, at 3 hours. 

Seventy percent of the administered dose was recovered in the urine within 6 
hours: Repetitive intravenous administration of 1-Gm. doses over 6-nour periods 
produced serum levels between 4.5 and 5.5 meg./mi. 

44 to 50% of Gefadyl is bound to human serum. The average serum half-life of 
Cefady! in patients with normal renal function is approximately 36 minutes. 

The major metabolite of cephapirin is desacety! cephapirin which has been 
shown to. contribute to antibacterial activity. 

Controlled studies in normal adult volunteers revealed that Cefadyl was well 
tolerated intramuscularly. In controlled studies of volunteers and of patients receiv- 
ing I.V. Cefadyl, the incidence of venous irritation was low 

Microbiology—in vitro tests demonstrate that the action of cephalosporins re- 
sults from inhibition of celi-wall synthesis. Cefadyl is active against the following 
organisms in vitro: 

eta-hemolytic streptococci and other streptococci. (Many strains of entero- 
cocci, e.g., S. faecalis, are relatively resistant.) 

Staphylococci, including coagulase-positive, coagulase-negative, penicillinase, 
and non-penicillinase producing strains. Diplococcus pneumoniae, Haemophilus 
influenzae, Proteus mirabilis, Escherichia coli, Klebsiella species. 

‘Most strains of enterobacter and indole-positive Proteus (P. vulgaris, P. mor- 
ganii, P. rettgeri) are resistant to Cefadyl. Methicillin-resistant staphylococci, 
Serratia, Pseudomonas, Mima, and Herellea species are almost uniformly resistant 


require measurement of 


¥one diameters give the most precise estimates of antibiotic susceptibility. One 


such procedure* has been recommended for use with discs for testing susceptibil- 
ny to- cephalosporin class antibiotics. Interpretations correlate diameters of the 
disc test with MIC values for Cefadyl. With this procedure, a report from the labor- 


‘ atory-of “susceptible” indicates that the infecting organism is likely to respond to 


“ therapy A report of “resistant” indicates that the infecting organism is not likely 


to respond'to therapy. A report of “intermediate —— suggests that the 
organism’ would be susceptible if high dosage is used, or if the infection is con- 
fined to tissues and fluids (e.g., urine), in which high antibiotic levels are attained, 
Indications. Cefady| is indicated in the treatment of infections caused by suscepti- 


5 bje strains of the following microorganisms: 


-Group A beta-hemolytic streptococci: Skin and soft tissue infections. Respiratory 


= jnfections. 


(Injectable benzathine penicillin is considered to be the drug of choice in treat- 
ment and prevention of streptococcal infections, including the prophylaxis of 
rheumatic fever. Cefadyl is effective in the eradication of streptococci from the 
nasopharynx; however, data establishing the efficacy of Cefadyl in the subsequent 
prevention of rheumatic fever are not available at present.) 
`- Staphylococcus aureus (penicillinase producing and non-penicillinase produc- 
ing): Skin and soft tissue infections. Urinary tract infections. 
~- Diptococcus pneumoniae: Respiratory tract infections. 

Haemophilus influenzae: Respiratory tract infections. 

Escherichia coli: Urinary tract infections, skin and soft tissue infections, and 


Note: Appropriate bacteriological studies should be performed to identify the 
caugative organism and determine its susceptibility, Therapy may be started while 


PARENTERAL USE). 

Any patient who has demonstrated some form of allergy, particularly to drugs, 

should receive antibiotics cautiously and then only when absolutely necessary. No 
exceptions should be made with regard to Cefady!. 
SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE EMERGENCY 
TREATMENT WITH EPINEPHRINE. OXYGEN, INTRAVENOUS STEROIDS, ANY 
AIRWAY MANAGEMENT, INCLUDING INTUBATION, SHOULD ALSO BE ADMIN- 
ISTERED AS INDICATED. 

Usage in Pregnancy—Safety of this product for use during pregnancy has not 

been established. 
Precautions. The renal status of the patients should be determined prior to and 
during Cefady! therapy, since in patients with impaired renal function, a reduced 
dose may be appropriate (see Dosage, Adults). When Cefadyl was given to patients 
with marked reduction in renal function and to renal transplant patients, no 
adverse effects were reported. 

Prolonged use of Cefadyl may result in the overgrowth of nonsusceptible organ- 
isms. Careful observation of the patient is essential. If superinfection occurs dur- 
ing therapy, appropriate measures should be taken. 

With high urine concentrations of cephapirin, false-positive glucose reactions 
may occur if Clinitest, Benedict's Solution, or Fehling’s Solution are used. There- 
fore, it is recommended that glucose tests based on enzymatic glucose oxidase 

*Bauer, A. W., Kirby, W. M. M., Sherris, J. C., and Turck, M.: Antibiotic Testing by 
a Standardized Single Disc Method, Am. J. Clin. Pathol., 45:493, 1966. Standard- 
izad Dise Suscentibility Test, FEDERAL REGISTER 37:20527-29, 1972. 


reactions (such as Clinistix or Tes-Tape) be used, 

Adverse Reactions. Hypersensitivity—Cephalosporins were reported to produce the 
following reactions: maculopapular rash, urticaria, reactions resembling serum 
sickness, and anaphylaxis, Eosinophilia and drug fever have been observed to be 
associated with other allergic reactions. These reactions are most likely to occur 
in patients with a history of allergy, particularly to penicillin. 

Biood—During large scale clinical trials, rare instances of neutropenia, leuko- 
penia, anemia were reported, Some individuals. particularly those with azotemia, 
nave developed positive direct Coombs test during therapy with other cepha- 
losporins. 

Liver--Elevations in SGPT or SGOT, alkaline phosphatase, and bilirubin have 
been reported. 

Kidney—Rises in BUN have been observed; their frequency Increases in pa- 
tients over 50 years old 
Dosage. Adu/ts—The usual dose is 500 mg. to 1 Gm. every 4 to 6 hours intramus- 
cularly or intravenously. The lower dose of 500 mg. is adequate for certain infec- 
tions. such as skin and soft tissue and most urinary tract infections. However, the 
higher dose is recommended for more serious infections. 

Very serious or life-threatening infections may require doses up to 12 Grams 
daily. The intravenous route is preferable when high doses are indicated. 

Depending upon the causative organism and the severity of infection, patients 
with reduced renal function (moderately severe oliguria or serum creatinine above 
5.0 mg./100 mi.) may be treated adequately with a lower dose, 7.5 to 15 mg./Kg. 
of cephapirin every 12 hours. Patients with severely reduced renal function and 
who are to be dialyzed should receive the same dose just prior to dialysis and 
every 12 hours thereafter. 

Children—The dosage is in accordance with age, weight, and severity of infec- 
tion. The recommended total daily dose is 40 to 80 mg./Kg. (20 to 40 mg./Ib.) 
administered in four equally divided doses. 

The drug has not been —— studied in infants; therefore, in the treat- 
ment of children under the age of three months the relative benefit/risk should 
be considered. 

a aver’ in beta-hemolytic streptococcal infections should continue for at least 
10 days. 

Where indicated, surgical procedures should be performed in conjunction with 
antibiotic therapy. 

Administration. Cefady! may be administered by the intramuscular or the intr® 
venous routes. 

intramuscular Injection—The 1-Gm. vial should be reconstituted with 2 mi, of 
Sterile Water for Injection, U.S.P. Each 1.2 mi. contains 500 mg. of cephapirin. 
All injections should be deep in the muscle mass. 

intravenous Injection—The intravenous route may be preferabie for patients with 
bacteremia, septicemia, or other severe or life-threatening infections who may be 
poor risks because of lowered resistance resulting from such — * condi- 
tions as malnutrition, trauma, surgery, diabetes, heart failure, or malignancy, 
particularly if shock is present or impending. If patient has impaired renal func- 
tion, a reduced dose may be indicated (see Dosage, Adults). In conditions such 
as septicemia, 6 to 8 Gm. per day may be given intravenously for several days at 
the beginning of therapy; then, depending on the clinical response and laboratory 
findings, the dosage may gradually be reduced. 

When the infection has been refractory to previous forms of treatment and 
multiple sites have been involved, daily doses up to 12 Gm. have been used. 

For patients who are to receive cephapirin intravenously it is convenient to use 
the 1-Gm., 2-Gm., or the 4-Gm. vial (See Precautions). 

Intermittent Intravenous Injection—The contents of the 1-Gm. vial should be 
diluted with 10 mi. or more of diluent and administered slowly over a 3- to 5- 
minute period or may be given with intravenous infusions. 

The 2-Gm. vial should be diluted with Dextrose injection, U.S.P. or Sodium 
Chloride Injection, U.S.P. When only 20 to 25 mi. are added, Sterile Water for 
injection, U.S.P, may be used, The table below gives concentrations for various 
diluent volumes. 
Diluent Added (m!.) 

100 


Solution Concentration Grams per mi. 
0.020 


1 Gm. per 50 mi. i 
50 1 Gm. per 25 mi. 0.040 
20 1 Gm, per 10 ml. 0.100 


Intermittent Intravenous Infusion with Y-Tube—Intermittent intravenous infusion 
with a Y-type administration set can also be accomplished while bulk intravenous 
solutions are being infused. However, during infusion of the solution containing 
Cefady! (sterile cephapirin sodium), it is desirable to discontinue the other solu- 
tion. When this technique is employed, careful attention should be paid to the 
volume of the solution containing Cefady! so that the calculated dose will be in- 
fused. When a Y-tube hookup is used, the contents of the 4-Gm. vial of — 
should be diluted by addition of 40 mi, of Sterile Water for Injection, U.S.P., 
5 percent Dextrose Injection, U.S.P., or Sodium Chloride Injection, U.S.P. 

Continuous Intravenous Infusion—After reconstitution, Cefady| may be added to 
the solutions listed below under Stability. The choice of solution and volume 
should be dictated by the fluid and electrolyte management of the patient. 
Stability. Storage Stability: After reconstitution, it is stable for 12 hours at room 
temperature or 10 days under refrigeration when reconstituted with Sterile Water 
for Injection, U.S.P. The pH of the resultant solution ranges from 6.5 to 8.5 During 
these storage conditions, no precipitation occurs. A change in solution color dur- 
ing this storage time does not affect the potency. 

Compatibility with the Infusion Solutions: Cefady! is stable and compatible for 
24 hours at room temperature at concentrations between 2 mg./ml. and 30 mg./ml. 
in the following solutions: 

Sodium Chloride Injection, U.S.P., 5% W/V Dextrose in Water, U.S.P., Sodium 
Lactate Injection, U.S.P., 5% Dextrose in Normal Saline, U.S.P., 10% Invert Sugar 
in Normal Saline, 10% Invert Sugar in Water, 5% Dextrose + 0.2% Sodium Chlo- 
ride Injection, U.S.P., Lactated Ringer's with 5% Dextrose, 5% Dextrose + 0.45% 
Sodium Chloride Injection, U.S.P., Ringer's Injection, U.S.P., Lactated Ringer's 
Injection, U.S.P,, 10% Dextrose injection, U.S.P. 

Supply. Cefady! (sterile cephapirin sodium) for I.M. or LV. Injection, Cephapirin 
sodium equivalent to 1 Gm., 2 Gm., or 4 Gm. cephapirin. NDC 0015-7628—1-Gm. 
vial. NDC 0015-7629—2-Gm, vial, NDC 0015-7630—4-Gm, vial. 

For information on package sizes available, refer to the current price schedule, 
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Diabetes Insipidus Secondary to Penetrating Thoracic Trauma 


Three cases of diabetes insipidus following non-cranial trauma 
are presented. They are believed to be the first of their kind 
reported. The etiology, pathogenesis and differential diagnosis 
of diabetes insipidus are discussed. The literature if briefly 
reviewed and similarities between patients with DI due to 
long bone trauma with fat embolism, post open heart sur- 
gery hypotension, Sheehan’s syndrome following postpartum 
hemorrhage, DI and our own patients are discussed. It is con- 
cluded that the diabetes insipidus is caused by selective disrup- 
tion of posterior pituitary circulation due to fat globules, throm- 
bi and hypovolemia resulting in hypoxia and tissue necrosis. 


IABETES Insipidus is an uncommon disease en- 
D tity characterized by polyuria and polydysia. It arises 
from one of several causes and can be classified as either 
primary or secondary.’ The primary causes are either idio- 
pathic or familial. The secondary group consists mainly of 
pituitary tumors usually a chromaphobe adenoma, or 
other neoplasm near the pituitary or hypothalamic regions. 
In addition, secondary diabetes insipidus can result from 
granulomata involving the pituitary and trauma to that 
area. The latter usually consists of direct head injury with 
disruption of the hypothalmic-posterior pituitary axis. 
Recently we have seen three patients with post traumatic 
diabetes insipidus secondary to penetrating chest trauma 
unassociated with head injury. A thorough search of the 
English literature revealed only four documented patients 
with diabetes insipidus which even remotely resemble the 
three cases presented herein.**“ 


Case Reports 


Case 1. A 17-year-old black male was admitted to the Martland Hospital 
on October 22, 1972 with a stab wound in the precordial area. The vital 
signs were absent and the pupils were dilated. He was intubated, ven- 
tilated and the fluid volume replaced with crystalloid solution and later 
type specific cross matched blood. He was immediately taken to the 
operating room where a 2 cm laceration at the apex of the right ventricle 
was closed. Following this, restoration of cardiac action was obtained and 
the blood pressure restored to normal. Postoperatively he had spontaneous 
respirations and his previously fixed, dilated pupils were smaller and 
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reacted to light. However he remained comatose and generalized con- 
vulsions supervened. These were controlled with diphenylhydantoin, 
phenobarbital, curare, and moderate external hypothermia. Five mgm of 
dexamethasone sodium phosphate were given every four hours to reduce 
cerebral edema. On the sixth postoperative day, he began excreting large 
amounts of diluted urine with a specific gravity of 1.005 without abnormal 
substances such as glucose or protein. A tentative diagnosis of diabetes in- 
sipidus was made which was further substantiated by administration of 10 
units of intramuscular aqueous pitressin. This reduced his hourly urine out- 


put from in excess of 400 ml/hour to less than 100 ml/hour. He was main⸗ 


sipidus. During this time his rectal temperature ranged 33-37 G. 
Postmortem examination disclosed coagulation necrosis of the ‘anterior 


pituitary with mild acute inflammatory infiltration. A large thrombus was - 


noted in the vein surrounding the pituitary capsule with the capsilar tissue 
also showing acute inflammatory changes (Fig. 1). The posterior pituitary 


> 


* 
tained on pitressin until he expired five days after the onset of diabetes in-s. ^; 


presented hemorrhage and acute and chronic inflammatory infiltrates (Fig. .. 


2). There was widespread necrosis of neurons which was more marked’ in 


the cortex than in the pons. The outer zones of the cortex showed acute in- - * 


flammatory infiltrates which were mainly perivascular. Fibrin thrombi, 
were noted in the meningeal vessels. The right kidney was congested and | 
multiple small fibrin thrombi were noted in the outer cortex that were not _ 
related to glomeruli. Acute tubular necrosis was not observed. 

Case 2. J.C., 
Hospital August 23, 1972 in severe respiratory distress from a gunshot 
wound of the right chest. Following intraveneous Ringer's Lactate his 
arterial blood pressure rose from 60/0 to 100/20. Because of marked neck 
vein distention and drainage of only 15 cc of blood following an insertion of 
a chest tube, he was immediately taken to the operating room where a right 
thoracotomy revealed cardiac tamponade, a 2 cm hole in the right atrium 
and a laceration of the right lung. Theseavere repaired and the patient sent 
to the surgical intensive care unit with an arterial blood pressure of 110/70. 

However, he was non responsive and the pupils were fixed and dilated. 
The next 12 hours his urinary excretion averaged 425 ml/hour, at one point 
increasing to 1100 ml/hour for two hours. A tentatiye diagnosis of post- 
traumatic diabetes insipidus was made and 10 units of aqueous pitressin 
were given intramuscular. This reduced the urine output to about 150 
cc/hour for the next five or six hours. His BUN at this time was 12 mgm% 
and the serum sodium was 146 mEq/L. The urine output again began to 
rise and the following day it was averaging 310 ml/hour. His serum os- 
molality was 336 mOsm/L and the urine osmolality was 64 mOsm/L. 
Specific gravity of the urine was 1.001 and there was no glucose or acetone 


a 15-year-old black male was admitted to the — 


32- 


aT. PA “ A ô * * > att Ms * 1 
at . ~ ER J — TER eh a a ‘ 
— ⸗ (S E a s - * 5 4 P ’ 




















> « Xy of , 7 a a 4 . iv Å eV 
Ar" * oe ba Pe Ose ⸗ Ae 

4 í 4 J s y , “do s * i R a ‘ À d n > rT. EA sA A 
—— 


TA T 


Fic. 1. Section of pituitary capsule demonstrating a large thrombus in vein 
There is also noted an acute in flammatory infiltrate in the capsular tissues 


present. Following another injection of 10 units of pitressin the urine out 
put averaged 50 ml/hour, serum osmolality was 357 and the urine os- 
molality was 212. The following day without additional pitressin the serum 
osmolality was 361, the urine osmolality 402 with a urine output averaging 
50 ml/hour. His rectal temperature ranged 33-37.5 C until he expired on 
the fourth postoperative day Unfortunately the pituitary was net obtained 
at postmortem. However, sections taken from the cerebral cortex revealed 
no histologic changes. The kidneys did not show acute tubular necrosis. 

Case 3. An 18-year-old female entered the Martland Hospita) Emergen- 
cy Room on January 9, 1973 with a stab wound of the left infraclavicular 
region at the outer third of the clavicle. The blood pressure and pulse were 


‘unobtainable and the patient was agonal with dilated but reactive pupils. 


Resuscitative measures included intubation, rapid infusion ef 6 L of 


- Ringer's Lactate followed by 6 units of blood. An immediate left anterior 


thoracotomy was performed in the emergency room with cardiac massage 
and ligation of the transected axillary artery. The vital signs returned and 
the patient was taken to the operating room where the partially transected 
axillary vein was repaired along with a laceration of the left lung. and the 
axillary artery. Postoperatively the blood pressure was 120/60, the pulse 
was 120. the CVP em H,O and the urine output was 90 cc/hour. The 
patient remained unconscious but stable. On the fifth postoperative day 
the patient has a respiratory arrest but was immediately resuscitated. 


Following this the urine output increased to an average of 550 ml/ hour, 


and the diagnosis of diabetes insipidus was made. The serum osmolality 
was 329 with a urine osmolality of 92. Pitressin was given whichincreased 
the urine osmolality to 363. The urine output then averaged 250 ml /hour 


On the sixth post-operative day the patient had a second cardiac arrest and 


expired. Postmortem examination of the anterior pituitary revealed 
coagulation necrosis with multiple foci of hemorrhage (Fig. 2. Recent 
thrombi were noted in the parietal venous vessels. The posterior pituitary 
showed small focal hemorrhage and edema. The cerebral cortex had focal 
hemorrhagic infarcts with subcortical white matter hemorrhage Anoxic 
neuronal changes were noted in the substantia nigra but these were not 
associated with hemorrhage. The kidneys were congested but there was no 
evidence of acute tubular necrosis. 


Discussion 


Regardless of its etiology the primary pathogenetic factor 
in true diabetes insipidus is a lack of circulating anti- 
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diuretic hormone (ADH). This hormone is an octapeptide 
manufactured in the superoptic nuclei and paraventriculas 
of the hypothalamus and transported along the 
hypothalamic posterior pituitary axis to be stored in the 
gland. It is normally released from the gland upon one or 
both of two stimuli. The first is a variation in the ex- 
tracellular fluid volume (ECF). As the ECT is decreased, 
there is a concomitant increase of ADH released. This 
mediated through volume receptors located in the left 
atrium of the heart and in the aortic arch or carotid artery. 
The second stimulus to release of ADH is an increase of 
plasma osmolality mediated through osmoreceptors in the 
internal carotid artery. After ADH is released from the 
posterior pituitary, it exerts its action directly on the kidney. 
The cite of action in the kidney is believed to be primary in 
the distal loop of Henle, the distal convoluted tubule and 
the collectint duct system. The hormone acts by making the 
cells of the distal nephron in the collecting duct more 
permeable to the passage of water, thereby allowing the 
normal hypertonic interstitium of the renal medulla to exert 
its osmotic effect on the hypotonic content of the tubles, 
that is. the urine. This draws water from the urine and 
makes it hypertonic in relation to the plasma allowing 
metabolities to be excreted without dehydrating the 
patient. The exact mechanism by which ADH exerts its 
effect on tubular cells is not well delineated althougle 
currently it is believed that like many other hormonal 
systems it is mediated by cyclic 3’ to 5 AMP. 
Panhypopituitarism was first described by Simmons in 
1914.2 He believed that the disease was caused by septic 
emboli resulting in infarct necrosis of the adenohypophysis. 
In 1938 Sheehan and Murdock” described a syndrome of 
postpartum pituitary necrosis in patients who were in shock 





Fic. 2. Section of posterior pituitary showing hemorrhage, and acute and 
chronic inflammatory infiltrate 
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Fic. 3. Section of posterior pituitary showing hemorrhage, and acute and 
chronic inflammatory infiltrate 


from hemorrhage after parturition. They noted that the cir- 
culation to the anterior pituitary was decreased at normal 
delivery and postulated if a circulatory collapse were to oc- 
cur the diminished blood flow would result in vascular 
thrombosis in the gland. In 1961 Sheehan and Stanfield" 
¢laimed that the primary vascular disturbance during severe 
hemorrhage was arterial spasm with subsequent vascular 
thrombosis. They believed that the degree and severity of 
anterior pituitary necrosis was related to the duration and 
severity of the occlusive process. Later Sheehand and 
Whitehead’ even extended this theory to encompass 
posterior necrosis in order to explain the occurrence of 
diabetes insipidus. 

Another hypothesis to explain the pathophysiology of the 
pituitary insufficiency during pregnancy was advanced in 
1962 by Beernink and McKay.' They showed that throm- 
bosis, hemorrhage and necrosis of the hypothalamus, 
pituitary stalk and both lobes of the pituitary occurred in 
the presence of disseminated intravascular coagulation 
DIC). Since ADH or its precursor is formed in the supraop- 
tic and paraventricular nuclei in the hypothalamus and is 
carried along the tracks of the pituitary stalk to be stored in 
he posterior lobe of the pituitary, damage to any of these 
ireas can result in diabetes insipidus. When secondary to 
rauma diabetes insipidus is usually due to closed head in- 
uries in which the hypothalamic posterior pituitary 
ransport mechanism is affected when the stalk is disrupted 
y shearing forces. The blood supply to the posterior 
ituitary usually remains intact since it is derived directly 
rom the inferior hypophyseal artery. However, the 
1euronal paths along the neurosecretory granules travel are 
nterrupted, thereby cutting off flow of the hormone to the 
vituitary making its release impossible. 

Since there was no evidence of a head injury in our 
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patients, it is possible that the polyuria could have been due 
to iatrogenic fluid overloading. However, in this instance, 
hyponatremia and a low serum osmolality should be evi- 
dent. By contrast the patient with diabetes insipidus is 
dehydrated from his polyuria and has a high serum os- 
molality. Positive proof for polyuria resulting from 
overhydration could have been the use of the water depriva- 
tion test. In this test, fluid is withheld until an individual has 
lost 3% of his body weight. With this amount of fluid loss, 
the ECF is reduced enough to cause maximal ADH secre- 
tion. When the primary problem is overexpansion of the ex- 
tracellular fluid, the urine output should decrease to 0.5 _ 
mg/minute, the urine specific gravity rise to 1.020 or more 
and the urine osmolality approach 800 mOsm. In the 
absence of nephrogenic diabetes insipidus, when the above 
changes in the urine are not observed, it may be assumed 
that an absolute deficiency of ADH exists. We did not 
employ this test in our patients because of the obvious 
danger in subjecting someone to a loss of 3% body weight 
following major trauma and surgery. Instead we relied upon 
serum and urine osmolality serum sodium and plasma pro- 
tein values plus the clinical state of the patient as a guide to 
the state of hydration. 

The second most common cause of polyuria in the recent- 
ly traumatized patient, is acute renal failure, with tubular 
necrosis, in which the patient goes directly into the diuretic 
phase without over being oliguric. In this condition there is 
usually a rising BUN and serum creatine associated with a 
urine that contains tubular casts and is isotonic with plasma. 
None of the above mentioned were present in our patients 
nor was acute tubular necrosis seen on the autopsy > 
specimens. ors 

Other less common causes are nephrogenic diabetes in-. - 
sipidus and diabetes mellitus. The former would manifest 
itself identically with true ADH deficient diabetes insipidus 
but would not respond to ADH infusion. The latter can be 
ruled out by the lack of glucose in the urine and a hypotonic 
rather than a hypertonic urine. The blood sugar in all our 
patients were normal. i 

The definitive diagnostic test for DI is the response to ex- 
ogenous ADH. Intramuscular injection of 10 units of 
aqueous vasopressin should result in marked diminution in 
urine volume and a significant increase in the osmolality of 
the urine. This is precisely what happened in our patients. 
In Case 1 osmolality studies were not obtained but im- 
mediately following injection of ADH the urine flow 
decreased from 400 ml/hour to less than 100 ml/hour. In 
the second case, where vasopressin was given the pre- 
injection urine osmolality was 64 mOsm/L and the volume 
was 310 ml/hour. Following the injection of vasopressing 
the flow decreased less than 50 ml/hour and the osmolality 
immediately increased to 212 mOsm/L and eventually to 
402 mOsm/L. Similarly in the third patient following the 
injection of pitressin the urine osmolality increased from 92 
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to 363 mOsm/L and the urine output declined from an 
average of 550 ml/hour to 250 ml/hour. 

A comprehensive review of the literature has revealed 
only three cases of diabetes insipidus in traumatized 
patients who had not received closed head injuries. Hanson’ 
reported two patients and Rottenberg” another individual, 
who developed diabetes insipidus from systemic fat emboli, 
secondary to long bone features. The mechanism responsi- 
ble for the pituitary dysfunction was thought to be actual 
disruption of the circulation to the posterior lobe by fat em- 
boli since fat globules were seen in the pituitary vessels in 
one of Hanson's patients who was autopsied. 

The syndrome of DI following trauma in which the head 
is not involved is probably a secondary manifestation of 
shock. Robinson and Pagliero® reported the development of 
DI in a 15-year-old girl following open heart surgery. She 
was in shock secondary to cardiac tamponade and 
developed polyuria on the fifth postoperative day. With the 
use of exogenous pitressin she recovered with no sequalae. 
Similar recovery has been observed in patients with pan- 
hypopituitarism after postpartum hemorrhagic shock. 

In all probability, the pathogenesis in our patients was 
due to inadequate tissue perfusion. Fibrin and whole blood 
thrombi are both commonly seen in the shock state. The 
former was noted in case 1 in several areas. However, this 
was not associated with the clinical picture of DIC as with 
Beernink’s patients. Thrombi can also occur as a terminal 
event. The whole blood thrombi located in the capsule of 
the pituitary in case 1 and in the parietal vessels in case 3 are 
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similar to those seen in the cases reported by Sheehan. Since 
cases 1 and 3 revealed anoxic changes of the cerebral cortex, 
the mechanism that best explains the syndrome in our 
patients is shock from hypovolemia with occlusion of vessels 
resulting in tissue hypoxia and necrosis. 
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The Effect of Differing Ambient Oxygen 


Tensions on Wound PAE 


- THOMAS. K. HUNT,- M.D., MARK LINSEY, B.S., GUNTA. GRISLIS; BA., 


Wound infections were studied in rabbits using two standard 
inocula (10! and =10°) of Pseudomonas aeruginosa injected 
into a subcutaneous wound dead space made by implantation of 
standard wire mesh cylinders. The inoculation was done on the 
fourth day after implantation of the cylinders in animals kept 
from the day of implantation in atmospheres of 12%, 21%, or 
45% oxygen content. Samples of wound fluid (0.2 ml) were 
removed for quantitative culture just before inoculation and 3, 7, 
e14, and 21 days later. No positive cultures resulted from samples 
taken before inoculation. One uninoculated wound served as a 
control in each animal. None of these control wounds became 
infected. Culture counts were significantly highest in the anoxic 
group and lowest in the hyperoxic group. Established infections 
were significantly lowest in the hyperoxics and highest in the 
hypoxics. The percent of wounds showing a significant culture 
count showed a similar trend. The mechanisms of this effect is 
not known, but a possible mechanism lies in the relative inabil- 
ity of leucocytes to kill this bacterium under hypoxic conditions. 


wes IN TISSUES with a poor blood supply become 
infected far more frequently than wounds in tissue 
that have good perfusion. Severely traumatized and hypoxic 
patients seem to be unusually susceptible to infection. Ex- 
perimentally, impairment of tissue perfusion by 
vasoconstrictors or hemorrhagic shock enhances infections 
at sites in which bacteria are injected.’ Tissue trauma at a 
distance from the wound impairs healing, decreases the 
already tenuous oxygen supply to the wound, and increases 
susceptibility to infection,?* but this increased susceptibility 
to infection can be reduced by restoring the blood-oxygen 
supply to the wound.‘ 

Obviously, there is a good circumstantial argument for 
associating tissue hypoxia with infectability. However, as 
far as we are aware, the relationship of infectability of soft- 
tissue wounds to chronic hypoxia and hyperoxia at at- 
mospheric pressures has never been studied. 
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In previous studies from this laboratory the composition 
of extracellular fluid in wounds of animals exposed to 


hypoxic, normoxic, and hyperoxic environments was in- 
vestigated.®” Varying ambient oxygen concentrations:, 
profoundly affected wound metabolism and the rate’ ‘of 


collagen synthesis. The present study was designed to test :; 


susceptibility to wound infection in animals that chronically: 
breathed fixed concentrations of 14%, 20% and 45% oxygen: 5 


Methods J as E 


— 
pa 


Three or fọur stainless steel, wire mesh cylinders. — com> 
long and 6.5 cm in circumference were implanted: nde, 
sterile conditions beneath the dorsal skin of 35 anesthetized, : 
New Zealand White rabbits by methods previously “ 
described.® After the skin was closed over the cylinders and #2 


“a 


the animals awakened from anesthesia, they were placed 
into lucite boxes approximately 70 L in volume, inte‘ which, 
a gaseous mixture was pumped at approximately 3 L per | 


minute per rabbit. By adjusting the inflow rate, the ambient 
pCO, was kept below 0.5%. Temperature remained 24-28 
C, and humidity 70-90%. 

Three ambient atmospheres were used; hyperoxic, iam 
to 46% oxygen, normoxic, 21% (air), and hypoxic, 12% t r 


14% oxygen. The hyperoxic mixture was obtained by ane 


ing pure oxygen through a Venturi type gas mixer and 


diluting it with air (Puritan,® 40% setting). The 5% incre-". 


ment above the rated value of the instrument was due to a - 


slight resistance in our gas conducting tubes. The normoxic 
and hypoxic mixtures were obtained by passing air or 
nitrogen through an identical mixer on the same setting. © 
This method gives reliable gas mixtures.over long periods at 
minimal expense. 


35 
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On the- — ay after implantation of the cylin=ers, 
when the tissues had adhered to the wire mesh, a 0.2 ml 
sample:of wound fluid was aspirated aseptically from zach 


© wound cylinder and was cultured. All specimens yielded no 


growth, Selected wound cylinders were then injected wEh a 


~ known’. number `of Pseudomonas aeruginosa prepare= as 


— 


— follows: 


An. overnight culture of an established strain of 


' Pseudomonas ‘aeruginosa was diluted to 10? and. 10 
“= dilutions. Each dilution was sampled for bacterial cour: by 


`- the culture plate technique, and 0.2 ml of the resuspeaded 
| culture , „was inoculated into the selected wounds. One 


wound. ‘was inoculated with sterile broth (control), two 


-= Wounds * ‘were inoculated with a small bacterial inoct um 
(1.6: 10* to 3.3 X 10°) and one wound was inoculated with 


od latge bacterial inoculum (1.3 X 10° to 7.7 X 10°). Ir the 


| few cases in which only 3 wounds were made, one was a 
-control one received the lower and one the highe- in- 
: oculuin: 


J On “days. 3. 7, 14, and 21 after inoculation, the en Iver 
the dorsal end of each wound was shaved and treated with 


` tincture-of iodine. Two tenths ml of fluid was aspirated `-om 


each: wound cylinder and was immediately- placed nto 
nutrient broth. The bacteria in- these specimens ~ere 


promptly counted by the culture plate technique. The 
= specimens. were coded, and the cultures and counts ~ere 


done by one of us (M.S.) who was unaware of the sour= of 


. - ithe specimen. Statistical comparisons of all results ~ere 
| j i oo by Fischer's exact test. 


: Another group of 12 animals was kept in the experiren- 
al ‘atmospheres, 4 animals in each atmosphere. The arterial 
and wound gases were measured by standard techniqu<: on 


no Z the fourth post-implantation day. 


a — Results 


— Figues r a 2 show the mean bacteria counts fe-ind 
‘in ‘wounds. on selected days. In general, the higher cznts 
öccurred in hypoxic animals and the lower counts ir the 
‘hyperoxic group. 

Bacteria counts of 5 X 10? or greater were arbitrarily zon- 
sidered ‘as “infections.” Significant differences in the 


-numbers of “infected”? wounds between the air and 45S ox- 


“ygen breathing rabbits (p < 0.05) were found on days=, 7, 


’ . and 14 in the wounds inoculated with the large inocu aim. 
The difference between the numbers of wounds 


“infec=d” 


in the hypoxic and air groups was smaller and not signifi- 


`. differences in the number of wounds “ 


“cant. The differences between the hypoxic and hypeoxic 
groups were statistically significant (p < 0.05) on all test 
. days. 

In the low inoculum groups, statistically signifeant 
infected” were ob- 
tained between the air and hyperoxic groups only at 7 says. 


C; . Once again the differences between hypoxia and hype=>xia 


breathing were greater with p values of léss than 0.0€ at 7 
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BACTERIAL 





14 2! 


DAYS 


Fic. 1. Mean bacteria count of wounds originally inoculated with 10 


bacteria. 


and 21 days. The small overall “infection” rates account fo 
the small differences found. 

The distribution of bacteria counts differed also betwee: 
the groups. Figure 3 shows the range of bacteria counts fo 
the high inoculum groups at day 7. In general, the hyper 
oxic group had the lowest count, the normoxic group was in 
termediate, and the hypoxic group had the highest counts 
When these and other such data for the other days wer 
plotted on a 2 X 2 matrix using Fischer's exact test, ; 
number of differences were found with p values of less tha 
0.01 between normoxic and hypoxic groups as well a 
between hyperoxic and normoxic groups. 

As we and others have previously shown, occasiona 
cultures, even in wounds which appeared grossly infected 
were negative. For purposes of analysis, then, a wound wa 
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Fic. 2. Mean bacteria counts of wounds originally inoculated with 1( 
bacteria. 
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BACTERIA COUNT 
(DAY 7) 
Fic. 8. Percentage of wounds with given breathing gas vs. bacteria count 
(10° bacteria inoculated). Distribution of- bacteria counts on day 7 
between the three groups. The medians of the hyper and hypoxic groups 
are more than 1 log apart from the air group. 


considered to harbor an established infection when any ` 


two of the four samplings had a bacteria count greater than 
*5 X 10%. When this criterion was adopted, as shown in Table 
1, a ratio of infected to non-infected wounds could be con- 
structed. : 

In no case was a control wound —— by any — 
therefore, cross contamination was not a significant ex- 
perimental problem. 

The respiratory gas tensions in arteries and. wounds at the 
time of inoculation are shown in Table 2. These values were 
determined in a separate group of animals studied con- 
currently and kept in identical environments as described 
above. 

| Discussion 

Previous research on infection and its relation to tissue ox- 
ygenation has been performed almost entirely with inter- 
mittent hyperbaric oxygen. Oxygen at high partial pressure 


TABLE L. 


DIFFERING AMBIENT OXYGEN TENSIONS ae os 


. 
hare ee 


culture,’ but the- tensions to which bacteria were exposed- in 
such experiments far exceeded those’ likely ever..to be 


reached in tissue. Survival time of mice with pneumococcal 


septicemia was prolonged when they were treated with 


hyperbaric oxygen shortly after intraperitoneal : con- 
tamination.” Hyperbaric oxygen applied ‘continuously.to 
the surface of experimental wounds’ infected . with. 
Staphylococcus aureus or Pseudomonas: “aeruginosa ; in= . 
hibited bacterial growth, but the effect seemed.to cease as 


soon as the treatment was stopped.” 


Several reports have now documented . ealon af ; 


chronic osteomyelitis in both animals and man after inter- 
mittent hyperbaric oxygen therapy.’ 


A mixed result was recently obtained. when: Liperbaric- 
oxygen was used to treat experimental staphylococcal FOS- 
teomyelitis. In the animal model tested, the incidence: cof | 
acute osteomyelitis was unchanged, but accelerated healing 


of established infections was noted.’ On the other: ‘hand, 
hyperbaric oxygen failed to alter survival rates in. dogs with 
gram negative peritonitis... In another study, hyperbaric 


p 
2* —— 
se 
s, * ~ 
— 
+. 3 wh 
- * x 


inhibits growth of some aerobic and anaerobic organisms in - 


treatment actually seemed ‘to increase the mortality from 


staphylococcal peritonitis in rates.“ erie 
Hyperbaric oxygen can be given. only intermittently 
because exposure to hyperbaric oxygen pressures for more 


than a few hours has toxic effects on the host. We have : 
shown in unpublished studies, there is also a risk of local ` 
acidcsis from extreme hyperoxia. On the other hand, con-, - 
tinuous, relatively mild hyperoxygenation increases wound “ 
pO, to a lesser degree, but the effect can be maintained in-;; 


definitely without progressive wound acidosis or host: EOX y, 
> Spe 
icity. — 


The present study is unique in that it involved continuous a 
exposure to only 45% oxygen at one atmosphere and ` 
specifically investigates both the susceptibility’ of soft: tissue i 
wounds to infection as well as their ability to clear estab-* 
lished infection. Furthermore, the techniques used. allow us’ 


to measure the actual wound environment and relate it, to 
infectability. i 
These experiments seem to indicate that resistarice to İn- 


Ratios of “Infected” to “Uninfected” Wounds-Using the Arbitrary Criteria 


for Infection as 5 X 10? Bacteria or More in 2 of the 4 Samplings . 





Hyperoxia 0/12 = 0% . — 
a Sign. p < .015 | — 
Large Inoculum p<.ol2 l 
Normoxic 7/11 = 64% ° 
ee p< .27 
Hypoxic 7/10 = 70% 
Hyperoxic 0/18 = 0% 
Sign. p< .05 
Small Inoculum . l p <.04 
Normoxic 5/19 = 26% 
p<.28 
Hypoxic 4/12 = 33% 
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Tang: E: ‘Wound pO.» pCO, and pH on the Day of ER N l 
— (See Methods) 
me? — Be be Blood Gasses At Time of Inoculation 
ee PaO; PaCO? PaH 
© Hee röxid: s 191 _+ 20 62 +. 8* 7.32 £0: 2 
“Nornioxias ` ‘69 +6 3143 7.46 +0. 2 
? Hypoxia 39 + 2 26 +2 7.39 +0. 2 
7 Wound Gases At time of Inoculation 
— pO: pCO: pH 
Hyporoxia 13.6 £0.9 85.6 +4 7.19.40. 1 
Normoxia > * 10.6 + 0.7 67 +2 7.20 +0. 11 
6.2 + 0.4 755 42 711.0. 2 


Hypoxia 1t 





cn | in ihe wound is oxygen: dependent. However, the 
mechanismi is not readily apparent. The variations in woand 
~ environment between liypoxic and hyperoxic animals in xhis 
study are relatively small. The difference between the 20r- 
možic and hyperoxic environments is no greater than 100 


' min, Hg, and pseudomonas are not inhibited by pa tial 


_ pressures. of oxygen up to 760 mm Hg.*® The decreased 
susceptibility to infection of the hyperoxic group, thereDre, 
must. be related to a host factor. 

We cannot exclude the possibility that the relacive 

maturity” of the hyperoxic wounds enhanced resistaace. 
—— the “immaturity” of the wounds in the hy- 
~poxic? group may have contributed to susceptibility. Inves- 
‘tigation | of this possibility is being carried out. However, 


ae the role-of “maturity” of the wound in resistance to iiec- 


zioh. is; üñelear. All that can be said is that in some way, ““na- 


erie, ‘granulation tissue seems quite resistant to infecton. 


. Fhe most likely explanation for our findings seems tə be 


J found 5 inthe reaction of the phagocytic defense syster to 
B changes’ in oxygen environment. White cells ingest bacteria 


in.a wide variety of environments, even anaerobic mes. 


3 However; phagocytosis of bacteria by polymorphs is fol- 
'. lowed by aʻburst of oxygen consumption which seems b be 


important to intracellular killing. 


l glycolytic : metabolism. 


- Netitrophils derive energy for particle ingestion fom 
31113 [nhibitors of oxidative 


-+ pathways, such as cyanide and hypoxia do not inhibit parti- 


> cle‘ingestion in vitro. Killing of ingested organisms. on 
Co thë other. hand, is greatly impaired under anaerobic 2on- 
“ditions. For instance, Cline has shown that intracellularkill- 


ing of Listeria by human macrophages is diminishec by 
one-third when the pO, of the medium is changed irom 
greater than 100 mm Hg to less than 15 mm Hg.’ The pO: 


oOf wound dead spaces after the first few days is below 10 


` mm Hg. 


The burst of oxygen consumption following phagocy-osis 


- is associated with greatly increased glucose oxidetion 
‘through the hexose monophosphate shunt. Thus, 
<. leucocyte is able to switch from anaerobic to aerobic zon- 


the 


ditions after phagocytosis, provided oxygen is availabl=. +” 
Hypoxia reduces resting oxygen consumption of guinea 
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pig monocytes and polymorphonuclears as shown by 


- Stähelin, Sutter and Karnovsky.” They showed oxygen con- 


sumption fell by more than 80% when pO, of the medium 


was reduced from 150 to 8 mm Hg. They also noted that ox- 
-ygen consumption, 
.polymorphonuclears fell considerably as pH fell below 7.5, 


lactate production and viability of 


although monocytes were not.as severely affected. In the 
present experiments, wound pH fell from a control level of 
7.2 to less than 7.1 in hypoxia and rose slightly with the 


C hyperoxic environment. Kenipner also has reported the 


depressed resting respiration by leukocytes subsequent to 
lowered oxygén tension.” 

The enzyme system which relates to intracellular killing 
is extremely complex. In general, however, investigators 
agree that the proditiction of hydrogen peroxide and the 
reduction of NADPH by the NADPH oxidase system with 
the aid of a halide ion is a major component of the killing 
mechanism.''* Allen, Stjernholm, and Steele have 
demonstrated that the active principle in the peroxide reac- 
tion is derived from atmospheric oxygen.’ Therefore, the 
system would seem to be pO, dependent. Furthermore, sep- 
sis of several types has been related to white cells which are 
myeloperoxidase deficient. Furthermore, the often fatal 
chronic granulomatous disease is apparently due to a failure 
of the peroxide producing mechanism.” Thus, there is con- 
siderable circumstantial evidence indicating that the hypoxia 
which characterizes injured tissue may well be responsi- 
ble for the concomitant increased susceptibility to infection. 

One can hypothesize that bacteria, fibroblasts, and 
phagocytes compete for what little oxygen is available in the 
wound space. Infection results when sufficient bacteria are 
present to overwhelm the phagocytic response or to 
diminish its already poor oxygen supply to the point that in- 
tracellular killing becomes insufficient to prevent infection. 
Provision. of extra oxygen in the-normally hypoxic wound 
apparently enhances phagocytic killing. Hypoxemia in ad- 
dition to the normal wound hypoxia probably puts the 
phagocytic response at a further disadvantage. 

This project was undertaken to investigate a possible 
mechanism for the increased infectability of wounds in 
trauma patients. It was intended to extend Conolly’s experi- 
ment in which he showed that remote trauma (which 
diminishes wound oxygen supply) doubled wound infec- 
tability.* The wound pO, produced in the present experi- 
ment by hypoxemia was designed to be the same as that 
produced by remote trauma. Inocula and organisms were 
identical with the previous study. However, where the in- 
fection rate was doubled by trauma, it rose only about 40% 
in the current study. The reason for this difference may be 
apparent in the wound gas data. The effect of remote trauma 
is to diminish would perfusion, to decrease pO:, but also to 
increase pCO, in the wound by diminishing the means of its 
removal.??> Pure hypoxia without hypoperfusion decreases 
pO, but also decreases pCO,. Thus, hypoxia is not the equal 


Vol. 181 * No. A 


of EN EN Of the two, hypoperfusion seems — 

most powerful potentiator of infection. This observation 
correlates with those of Siegel, Goldwyn, and Friedman 
who noted that the highest. mortality rates in sepsis occurred ` 
in those patenis whose mixed venous RCO; was markedly 


elevated.*® 


Because of the recent discovery that enhanced oxygen 


delivery can accelerate healing in both soft tissue and bone® 
we have been tempted as has Hamblen’. to conclude that 


the cure of chronic osteomyelitis with hyperbaric oxygen is f 


merely a result of enhanced healing. The present study 
suggests, however, that enhancement of phagocytic killing 
of bacteria may be part of the mechanism. 

It would seem a simple matter to advocate that enriched 
oxygen mixtures be given to all patients at risk for wound 
infection since we have shown in, unpublished studies that 
breathing oxygen elevates wound pO, in humans. In prac- 
tice oxygen breathing can enhance tissue oxygenation; but 
it will do so only if blood volume is maintained, if 


- vasoconstriction is minimized, if blood supply is adequate, - 


and if fluid overloads and tissue edema are avoided. If tissue 
oxygen transport is kept normal, however, hyperoxia could 
possibly become a practical method of enhancing resistance 


to infection in otherwise susceptible wounds. Certainly, the. 


avoidance of hypoxia and hypovolemia would seem impor- 
“tant in prevention of infection. 
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Seventy patients with peptic — (55 duodenal and 15 gastric) 
weré:treated by truncal vagotomy and double pyloroplasty-dur- 
ing: thé.:past four years. Clinical and experimental dañ as 
presented léad us to believe that transecting the pylorus twice 
produces: ah‘incontinent pyloric sphincter and a larger gestric 
outlét“than is: found in other methods of pyloroplasty. This 
decreases gastric stasis and has led to a lower ulcer recurrence 
rate (1.5%). In addition, the untoward postoperative seqrelae 
are. minimal. The 70 patients treated (for the most part con- 
secutive-cases) exhibited the usual complications of peptic alcer 
disease: . ‘Thirty- three had intractable pain, 23 bleeding: (15 
< massive), 13 obstruction, and one acute perforation. There were 
“NO. ‘opérative or postoperative deaths and the only se ious 
` Postoperative: complication was- unrelated to the dauble 


or T During the followup period four patients nave 


“died of unrelated diseases. Of the remaining 66 patiente one 
¥ developed a probable recurrent peptic ulcer which has respond- 
:- ed to medical ‘management. Four patients have intermř tent 
poetics thee: have mild diarrhea and one has failed to gain 


. _ weight, Constipation and weight gain are more common -om- 
— It would appear that vagotomy with double pyloropasty 


-is a’safé and effective operation for peptic ulcers and that futher 
“elinical trials are warranted. 


{i * E FEEL that most failures (following vagotomy and 
-V ¥<pyloroplasty for peptic ulcer) are due to poorly emmty- 
“ing pyloroplasty. If you have a stomach that does not errpty, 
_ you are in trouble .. . and so is the patient!” (Jack M. Faris, 
‘commenting on Hoerr and Ward.” y 

While attending a lecture on rectal surgery, one œŒ us 





S H.) was again impressed by the admonition that the anal 
sphincter can be safely transected once but that doable 


| ‘transection leads to rectal incontinence. This led to the 


speculation that double transection of the pyloric sphircter 


E might be utilized to produce pyloric incontinence as ar ad- 


junct to pyloroplasty, hopefully to improve gastric enp- 
. tying. 

A wide variety of surgical procedures have been ad- 
vocated: for the treatment of peptic ulcer disease during the 


i -past 25 years. Operations that preserve gastric tissue Save 
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earned an increasing popularity. Vagotomy with pyloroplasty 
has become the most widely used primary surgical treat- 
ment in peptic ulcer disease.™! The major obstacle to the 
general acceptance of this procedure has been a distress- 
ingly high ulcer recurrence rate of 4-27%. In addition, the. 
unpleasant side effects of dumping, diarrhea, and failure to 
gain weight have not been eliminated.2#%:25-81,42.66 

The causes for recurrent ulcer following vagotomy and 
drainage include gastric stasis due to inadequate drainage 
procedures, incomplete vagotomy, and undiagnosed 
Zollinger-Ellison tumors.™® A wide variety of gastric outlet 
procedures, such as the Weinberg modification of the 
Heineke-Mikulicz pyloroplasty, the Finney pyloroplasty, 
and the Jaboulay gastroduodenostomy have been used in an _ 
attempt to improve gastric emptying. ‘Selective vagotomy 
has many advocates who feel that it affords a more complete 
vagotomy than truncal vagotomy. In this procedure the 
nerves to the stomach are divided while the nerves to the 
other viscera are preserved. It is usually accompanied by an 
outlet procedure. Highly -selective (parietal cell mass) 
vagotomy has also been used. In this procedure the parietal 
cell mass of the stomach is deprived of its vagal irinervation, 
while the nerves of Lateriet, the nerves to the antrum, and 
the remaining. vagus nerves are preserved. The pyloric 
sphincter remains functional so that an outlet procedure is 
usually not needed. Recent studies of patients that have had 
parietal cell mass vagotomy indicate that over a period of 
two or three years there may “be some parasympathetic 
regrowth as the insulin and histamine stimulation tests tend 
to show an increased response.” The Zollinger-Ellison Syn- 
drome is now more frequently recognized as there. is in- 
creased awareness of its hypersecretion, hyperacidity, and 
elevated serum gastrin levels. 

Our personal observations have led us to believe that ie 
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high recurrence rates observed following vagotomy and gas- 
tric outlet operations are usually related to a poorly func- 


tioning gastric outlet procedure. Even. the single layer 


Weinberg modification of the Heineke-Mikulicz has been 
shown to result in gastric stasis.°9*°> We have developed 
a new gastric outlet operation that has greatly improved 
gastric emptying. It is the purpose of this paper to describe 
the rationale of this procedure and to report the results of 
early clinical trials. 


— 


Background 
Gastric Innervation 


The sympathetic innervation of the stomach is through 
the paired T; through Tio sympathetic ganglia via the 
greater and lesser splanchnics, the celiac plexus, and the 
right and left celiac and the superior mesenteric ganglia. 
The post ganglionic fibers are conveyed to the stomach 
alongside the celiac and superior mesenteric arteries. 
Historically, the removal of the sympathetic ganglia (as in 
the Smithwick operation for hypertension) caused parasym- 
pathetic overbalance with gastric hyperacidity, hyper- 
peristalsis, and pyloric relaxation. These patients had an 
unusually large number of peptic ulcers. The ulcers were 
almost always painless, the primary symptoms being bleed- 
*ing, perforation, or obstruction. 

A complete vagotomy (in the presence of intact sym- 
pathetics) results in a sympathetic overbalance with 
hypoacidity, gastric atony and hypertonicity of the pyloric 
sphincter. Removing the vagal innervation of the stomach 
results in two defects: the loss of the antral pump and 
pylorospasm. As far as the remainder of the intestine is con- 
cerned, a complete vagectomy should result in constipation, 
not diarrhea. It is possible that “post-vagotomy’’ diarrhea 
may be due to incomplete vagectomy and with overstimula- 
tion of the remaining fibers of the vagus. It is our impression 
that a complete truncal: vagotomy at the esophago-gastric 
junction not only produces anacidity but usually leaves the 
patient with either normal stools or somewhat constipated. 
We have continued to perform truncal or “total”? vagotomy 
and have directed out investigational efforts toward an im- 
proved gastric outlet procedure. We designed studies to see 
if the pyloric sphincter becomes incontinent when 
transected twice, and to determine how this affects gastric 
emptying. 


Experimental Studies 


Cadaver Studies 


Studies were carried out on ten cadavers. We found that 
the posterior aspect of the human pylorus could be 
transected without endangering the common bile duct, the 
pancreas, or other vital structures. Even in patients with 
scarring from peptic ulcer disease the posterior sphincter 
could be safely transected. 


va 
“ye as 


Dog Experiments 


Twelve healthy, large adult mongrel — were. —— oñ ‘at 
standard laboratory diet and received the - usual ine 
oculations. Four dogs were used as controls. Four ‘dogs’ ‘had: 
a bilateral truncal vagotomy and a Weinberg modification: 
of the Heineke-Mikulicz pyloroplasty. In the: remaining 
four dogs a back wall pyloric transection was added: to’ ‘the — 
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vagotomy and Weinberg pyloroplasty (Fig. 1). Gastric emp- : 


tying times were studied two months after the operation. by: ` 
feeding the dogs a mixture of 60 gm of barium sulfate, 200 - 
gm of canned dog food and 50 cc of water and.taking hourly 
films until the stomach was empty. The emptying times in 
all three of these groups were not statistically. different, hav- 


ing 75% emptying in 5-5% hours and complete emptying i in j 


7-7¥2 hours. (We should have repeated these emptying- 
studies at longer periods following operation, as later- 
human studies showed that after a year patients with a dou- 
ble pyloroplasty emptied better). The eight dogs "with. 
vagatomy and pyloroplasty were re-operated at. four - 


months. The animals with a double pyloroplasty had añ “in 
sphincter, as it did not completely cldse -on 7 


continent” 


stimulation. The pyloric openings were theri measured bya _ 
modification of a “ring-sizer’ dilator. On modest pressùre 
the dogs with a double pyloroplasty had a 25% larger gastric 
outlet. On maximal pressure, the size of the opening 1 in. uthe 
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Fic. 1. Method of transection of the posterior pyloric muscle. | 
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two ` ‘gtoups: were about the same, the difference being 

‘related to the, Size. of the animal. None of the dogs had zross 

_ evidence of: ‘gastritis from duodenal reflux, but microszopic 

".” sections weré -not studied. All of the dogs toleratec the 
| operations, wvithont difficulty. 


a, j at 
oe 7 . 
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— : — - k Clinical ‘Studies 

During’. the. past four years we have operated upca 70 
"patients. for. peptic ulcer disease using a truncal vago omy 
_and.a ‘double -pyloroplasty. We made no attempt to 
eliminate difficult or complicated cases, the 70 cases Leing 
consecutive’ cases operated for both duodenal and gastr= ul- 
- cers, ‘except, in those few cases that pathologic process rade 
the . _procediire. technically impossible. These incude 
“delayed: perforations, severe inflammatory response, 


i a necrotic tissue, or the inability to rule out gastric carcine ma. 


We haye not use this procedure in patients with “stæss” 
lle, eae. $e eS l 


— 


Operative —— 


`- Vagatomy. ‘The bilateral truncal vagotomy was caried 
— àt ` ‘the. esophago- -gastric junction, being carefu to 
transect “all fibers entering the stomach. Special care -was 
taken to transect a common left lateral branch of the left 
vagus as it enters the top of the stomach. No attempt-was 
made-to, preserve any vagal fibers, thus producing a “taal” 
vagotomy:’ We avoided dissection at the esophageal- 
“abpphragmatic. hiatus as we feel that damage to the 
capt renieo⸗ -dsophageal ligament can lead to reflux esopha itis 
ahd, at timeés'to iatrogenic hiatus hernia. 

“Double: Pyloroplasty. This technique was first descrbed 
ai one. pEi us: (J.H. ) in Surg. Gynecol. Obstet. in July, 171. 
-Ittconsists of the Weinberg modification of the Heint ke- 
_Mikilicz pyloroplasty with the addition of a posterior wall 
` tansection, of the circular pyloric muscle (Fig. 1). Acter 
.,tfansecting the posterior pyloric muscle, the mucosa and 
x submucosa" were closed. A Kocher maneuver was carried put 


S <in “order to. close the anterior suture line without stress. 


Y *Thréugh the anterior pyloremyotomy gastric ulcers were 
biopsied and actively bleeding ulcers oversewn. In patients 
~. with post-bulbar stenosis the opening on the gastric side vas 
made near the pylorus and the opening on the duodenal 
-i side’ was carried down to a point distal to the stenotic azea. 

_Post-bulbar stenosis was easily treated by this method. “he 
~ index finger was introduced into the duodenum in all ceses 


„gto eliminate the possibility of post-bulbar duodenal stencsis. 


“Patient Population 


All 70 patients were operated upon in the Wesley 
Pavilion of the Northwestern Memorial Hospital, a 650-E ed 
private practice hospital associated with Northwest=rn 
‘University Medical School. Fifty-two patients were private 
- patients and 18 were service or clinic patients. The azes 
varied 17-73 years and the average age was 48 years. Foty- 
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eight were males and 21 were females. Fifty-one were 
white, 18 black, and one Oriental. The duration of symip- 
toms was from 2 days to 38 years, and the average duration 
was 8% years. Eighteen patients had serious associated 
medical illnesses; diabetes, pulmonary disease, alcoholism 
and drug abuse being among the most common of these dis- 
eases. 


Location of Ulcers 


Fifty-five patients had ancien — and 15 gastric ul- 
cers. Of the 55 duodenal ulcers 48 were in the bulbar region 
and seven were in the post-bulbar area causing post-bulbar 
stenosis. Of the gastric ulcers two were multiple, four were 
pre-pyloric or channel ulcers and the remaining nine were 
single gastric ulcerations of varying size. All patients with 
gastric ulcers had gastroscopy with biopsy of the ulcers as 
well as repeated biopsies at the time of the operation. None . 
of the patients with gastric ulcers has developed a car- 
cinoma, has had an overlooked carcinoma, or has failed to 
heal. Improved gastroscopy with biopsy has been especially 
helpful in establishing the correct diagnosis prior to the 

operation (Table 1). 


Reason for Operation 


Thirty-three of our patients were operated upon for in- 
tractable pain, 23 for bleeding, 13 for obstruction, and one® 
for acute perforation. Of the 33 patients operated primarily 
for pain, eight also had bleeding episodes. Seven of those 
patients also had severe weight loss. Of the 23 patients 
operated upon for bleeding, 11 were operated upon during 
an acute massive hemorrhage and had the bleeding point 
oversewn. Four were operated upon after the acute massive 
hemorrhage had stopped. Massive bleeding is arbitrarily 
described as bleeding that requires replacement of 2,000 ml 
of blood in 24 hours or 3,500 ml in 72 hours. Fight patients 
were operated upon for repeated hemorrhages. Of the 18 
patients operated upon for obstruction, three were 
obstructed from recent perforation, two were obstructed 
from acute channel ulcers, and the remaining six had 
progressive obstruction from old scar tissue. We were 
somewhat reluctant to use this procedure in patients with 
obstruction but early success encouraged its use. One 
patient with an acute perforated duodenal ulcer was treated 
by vagotomy and double pyloroplasty (Table 2). 


Location of Ulcers 
(70 Patients) 


TABLE I. 


Duodenal l 55 
Bulbar 48 
Post-bulbar 7 l 
Gastric 15 
Single 9 
Multiple 2 
Pre-pyloric or Channel 4 
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. TaBLe 2. Reason for Operation 
l (70 Patients) 
Pain i i 33 
Bleeding _ Massive 15 23 
— Repeated 8 
- Obstruction Chronic 7 18 
Acute i 6 
Perforation (Acute) : l l 





Preoperative Evaluation _ 


Most of the patients operated upon had basal acid 
studies, response to insulin and histamine, gastric volume 
studies, and upper G.I. exams. In the case of acute bleeding 


or in gastric ulcers, gastroscopy, biopsy, and at times, 


angiography were performed. During the past few years en- 
doscopy has become about 90% accurate compared to an 
- average of 75% in upper gastrointestinal X-rays. The com- 
bination of both studies gives excellent results. 


Results of Clinical Studies 
Intraoperative ‘Problems | 


Vagotomiy. The complications of this procedure are usu- 
ally minimal. Esophageal damage is rare but temporary 
dysphagia has been reported to be as high as 5%.“ This may 
Nave. played a role in a patient that developed esophageal 
obstruction from a bolus of meat. Two patients in our series 
required splenectomy because of capsular bleeding. 

Pyloroplasty. We have had no suture line difficulties us- 
ing the Weinberg modification of the Heineke-Mikulicz 
pyloroplasty in some 200 cases in our personal series. In ad- 
dition, we have had no problems related to the posterior 
wall procedure in the 70 cases reported in this series. We 
feel that the Kocher maneuver reduces the stress on the 
suture line and is of value. 

Multiple Procedures. In the current series we have per- 
formed gastric biopsy in 11 patients, oversewing the 
bleeding areas in 11 patients, cholecystectomy in six 
patients, and repair of a hiatus hernia in two patients. 


Immediate Postoperative Period 


Because of the Weinberg closure there is often some 
postoperative bleeding from the mucosal margin; this rarely 
exceeds 200 ml and usually stops within 12 hours. Ten 
patients developed atelectasis which responded promptly to 
treatment. Two patients, both of whom had chronic 
obstructive pulmonary disease, developed pneumonitis. 
One patient developed gastric atony which required a 
nasogastric tube for eight days, one patient had an ileus that 
required decompression for 12 days, and one patient had a 
partial small bowel obstruction that needed decompression 
for 14 days. One patient swallowed an unchewed bolus of 
meat which caused an incomplete obstruction at the 
esophago-gastric junction. An attempt at extraction on the 


VAGOTOMY AND DOUBLE PYLOROPLASTY 


12th postoperative day resulted in — — 
that required both abdominal and thoracic drainage and six 


weeks of postoperative hospitalization. She eventually made. 


a complete and total recovery and is without. symptoihs. — 
Three patients developed urinary tract. problems. ‘that 
responded to treatment. Five patients developed süperfiċial 
would infections, and the organisms cultured: would . ini- 
dicate their origin to be the patient's skin`or the 
nasopkarynx of the operating team. Because. of. the larger’. 
opening produced by the double pyloroplasty, ` ‘the + 
nasogastric suction was usually removed 24-48 hours after. 
operation. We feel that the early removal helped to reduce- 
pulmonary problems and encouraged early ambulation.“ 


Feeding of liquids was usually started on the third: or fourth | E 
day. Most patients were discharged on the seventh’ or sight z 


postop day. 


Long Term Postoperative Followup 


The method of postoperative evaluation | was’ — in: D =" 


dividaul person-to-person interview. The. patients., were. 
given ample opportunity to discuss their. symptoins® or - ’ 
related problems. All of the patients were followed. “The ` 
average period of followup was 22 months. Seven patients 
had mild diarrhea that persisted for three months and then 
stopped. Three other patients continue to have at least one 
loose stool a day, but the diarrhea is not debilitating. Five. 
patients complain of constipation and in one patiént this has *" 


been a serious problem. One patient had lost: weight E 


preoperatively from 170 to 135 pounds., For the next. 18". 
months he was unable to gain weight. He finally: gained: tol 
160 only to develop a squamous cell carcinoma, in his. nee 


and back down to 120 pounds. This is the only ‘patieiit., who ie — 


failed to thrive. Weight gain, not weight loss, became 


common problem, as serious obesity has developed. in: four," 7 : 


patients. Seven patients described the “‘dumping“ synt 
drome” of post-cibal epigastric distress, palpitation,. and”... 
p pig 


sweating, these symptoms being relieved by lying down: Tn.” 
three patients this has disappeared but it has persisted morë” — 


than a year in four others. In most of these patients it.is 
sporadic and is partially relieved by eating dry meals. All of 
the 13 patients operated upon for obstruction were carefully - 
followed with upper gastrointestinal X-rays. None of these. `- 
patients has re-obstructed. One patient with a hugée: 
stomach required seven months before his stomach return- 
ed to a normal size as seen in serial gastrointestinal studies. 


During this period he was symptomless. One patient was . - 
seen a year after having been operated upon for obstruction...” 


with the complaint of two black stools following a weekend : 
of excessive alcoholic intake. She recovered without treat- - 
ment and was thought to have had alcoholic gastritis, but _ 
this could not be documented as she refused examination or 
treatment. One patient developed epigastric pains 2% years 
after his operation. Six months later a stomach X-ray 
demonstrated a possible pre-pyloric antral recurrence, but 


oe 


thie was not — by gastroscopy. He was put on 


' medical, management: and has been symptomless for six 
‘3 “ioonths. While: our.period of followup is short (6 months to 
oe 8h, years), Hoerr- & Ward report that recurrent ulceration 

i ésevere enough’ | to require another operation usually 
| manifests itself within three years.” The other untoward 
postop probleins usually appear immediately after surgery, 

and. only- infrequently later on** (Table 3), 


* Posiopetitive S tudies | 


Thirty: -seven patients in this series had upper G.I. X-rays 
takelt ‘from:two weeks to two years following their opera- 
tion:-One- hour emptying times were studied. Radiologically 

soit would. appear that patients with a double pyloroplasty 

a: have: a'larger opening than patients with the Weinberg 
modification of the Heineke-Mikulicz pyloroplasty. Within 
the? first few months. following the operation, the gastric 
emiptying times following barium meal were about the same 

in “doth, groups... However, when emptying times were 

$f studied. a.year or more after operation, the patients with 
double pᷣyloroplasty appeared to empty more readily than 
those with a single pyloroplasty. 


Deaths 


Four patients have died since having had a vagotomy and 
double pyloroplasty; however, the deaths were not related 
i B the operation or to peptic ulcer disease. 


—A 
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ș Cúrrent Status of Patients 


5208 the 66 surviving patients, only one had developed 
zs — récurrent peptic ulcer disease. Eight patients 
ig cechave symptoms relating to their ulcer surgery: one failing to 
Pay weight; four have mild dumping, and three have 
— ‘moderately loose stools. In addition, five patients complain 
, 3 z oE constipation, and four of obesity. 

"VAs to patient satisfaction, two patients, the one with the 
1 posible’ ‘recurrence and the patient with esophageal per- 
oration, were not pleased to have had the operation (Table 


— 





Discussion 


Subtotal gastrectomy still has some proponents as the 

l “primary form of treatment for peptic ulcers. Under ideal 
— circumstances this surgery can be performed with a low 
"operative mortality and morbidity rate and it has a low 
=; ~yecurrence rate. The slightly higher mortality rate and the 


ho 


TABLE 8. Late Postoperative Problems 
(70 Patients) 





-a ‘Constipation 

‘Obesity 

Dumping (Mild) 

. Diarrhea (Mild) 
- Bleeding (Following Debauch) 
Probable Recurrence 
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undesirable side effects have urged surgeons to seek other 
procedures.’7*!** Truncal vagotomy with antrectomy has.a 
low operative mortality and morbidity rate, a low rate of 
disabling side effects and a very low rate of recurrence. It 
is the procedure of choice for a large number of sur- 
geons. 18:19,25.31.42,47,59,56.85 Selective vagotomy with antrec- 
tomy has many advocates who feel that this procedure pro- 
duces a more complete vagotomy with fewer untoward post- 
operative sequelae and a lower recurrence rate.” 3%33.36,52,53 
Other authors feel that there is little difference between the 
results obtained between selective and truncal vagotomy 
and that selective vagotomy must be approached with 
caution. 10,28,31,35,38,44,55,59 

Truncal vagotomy with gastrojejunostomy is employed 
infrequently because the postoperative diarrhea, dumping 
and recurrence rates are high.*?%°®% Its use now is 
usually confined to those few cases in which there is a 
marked inflammatory response that precludes other opera- 
tions. 

Truncal vagotomy with pyloroplasty is currently the most 
widely used procedure in patients with duodenal peptic 
ulcers. The ease of performance gives it a low operative 
morbidity and mortality. The untoward postoperative 
sequelae is minimal, and the recurrence rate is acceptable, 
although higher than with vagotomy and antrectomy.**’”° 
31,4256 Vagotomy and pyloroplasty has recently been re- 
ported to be satisfactory in patients with obstructing 
duodenal ulcers. Some authors feel that this procedure 
can cause an abnormally rapid emptying time which leads to 
diarrhea or dumping.®*:””*-3- Selective vagotomy with pylo- 
roplasty has many advocates; other surgeons have reserva- 
tions about this procedure and suggest that it may lead to 
more difficulties.1°?85*425° Most surgeons prefer the 
Heineke-Mikulicz pyloroplasty or the Weinberg modifica- 
tion,24:?7-8°51 while others prefer the Finney®?7°*° and 
some the Jaboulay.'**%? 

Highly selective vagotomy without drainage has been 
used in patients without gastric outlet problems. In those 
patients the operative morbidity and mortality have been 
low and the side effects and recurrence rates minimal.*4->7* 
28,33,34,59,69 Studies have shown dumping to be present but 
infrequent® and recurrence has been uncertain.® This 
method deserves further study because it does not require 
opening into the gastrointestinal tract and has the promise 
of a low incidence of dumping and diarrhea.”*** The obvi- 
ous hazard of vagotomy without drainage is that of delayed 


TaBLe 4. Current Status of Patients 
(70 Patients) 


Died of unrelated diseases 4 
Post-prandial distress (mild) 7 of 66 
Probable recurrence (now symptomless) 1 of 66 
Patient satisfaction 64 of 66 
Average period of followup 22 months 
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outlet obstruction. Some form of transection of the pylorus - - 


may be important as some investigators have suggested a 
relationship between peptic ulcer disease and pyloric hyper- 


_ trophy. They are unsure whether the pyloric hypertrophy 


preceded or was caused by the ulcer.’ Johnston: and. 
Goligher suggest that perhaps the selection of the type of 
vagotomy and pyloroplasty is less important than the skill 


of the surgeon.” 


- The surgical treatment for patients with gastric peptic ul- 
cers is controversial, and most authors recommend gastric 
resection.® Recently some surgeons have found vagotomy 
and drainage to be unsatisfactory.” This problem needs to 
be totally reviewed. 

We have compared the recurrence rate in the current 
series (1.5%) with the recurrence rate in a retrospective 
study of 70 patients that we operated upon at an earlier time 
using vagotomy and a Weinberg pyloroplasty. In the early 
group seven recurrences (10%) occurred during a similar 
period of observation. The improved results realized in 
the later series may have been due to the double pyloroplasty; 
other factors, however, must be considered. Diets are 
more realistic, practical and easier to follow, and patients 
are more strictly admonished to avoid alcohol, tobacco, 
caffeine, salicylates; steroids, and anti- cholinergic drugs. A 
more complete vagotomy may have been achieved by 
further experience. Awareness of gastrin-producing tumors 
has decreased the chance of overlooking this diagnosis. A 
last factor is most difficult to evaluate: when an investigator 
takes a special interest in any field his attention to detail 
often leads to better results, whether or not the results are 
related to the new procedure or treatment. This was clearly 
pointed out by Dr. Francis Moore in an editorial related to 
new methods of burn therapy.“ In spite of these 
possibilities we feel very”strongly that the method of 

pyloroplasty we used greatly reduced gastric stasis and 
reduced the rate of ulcer recurrence. 
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Pancreatic Exocrine Secretion During: 


Pancreatitis occurring in late pregnancy and in the puerperium 
has been documented’as an entity unrelated to cholelithiasis or 
- hyperlipidemia. Canine pancreatic exocrine function has been 
studied during pregnancy and the puerperium. Pancreatic secre- 
tion was evaluated in eight pregnant female mongrel dogs pre- 
pared with Thomas duodenal and gastric fistulae, during preg- 
nancy (corresponding to the third trimester in humans), during 
the puerperium, and several months after whelping. Basal secre- 
etion (volume and HCO;) was increased during pregnancy and 
the puerperium. The response to exogenous secretin (submaxi- 
mal and maximal) was unchanged during pregnancy but de- 
creased in the puerperium. Resting enzyme output was in- 
creased during pregnancy, and the puerperium; the responses to 
cholecystokinin-pancreozymin during pregnancy were even 
more profoundly increased. Although the mechanism is spec- 
ulative, these alterations in pancreatic function might contribute 
to the development of pancreatitis in pregnancy and the 
puerperium. 


WyANCREATITIS Occurring in late pregnancy and in the 
P puerperium is a well recognized entity.®™? Choleli- 
thiasis“ and hyperlipidemia’ have been invoked as 
etiologic factors in many cases, but in a number of instances 
no etiologic factors are apparent and the pathogenesis is 
poorly understood. Little information is available on pan- 
creatic secretion during pregnancy. In the present study we 
report on alterations in pancreatic exocrine function during 


pregnancy and the puerperium. 


Methods 


Eight pregnant (8-4 weeks pregnant) and three non- 
pregnant female mongrel dogs weighing 17-22 kg were pre- 
pared with Thomas cannulae” in the duodenum opposite 
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the major pancreatic duct; the accessory duct was ligated 
and civided. In two of the pregnant and two of the non- 
pregnant dogs a gastric cannula was placed in the most 
dependent part of the stomach and was opened during sub- 
sequent experiments to divert gastric acid secretion; this: . 
prevented the release of endogenous secretin by acid con-. >S 
tamination of the duodenal or jejunal mucosa. Experiments: 
were commenced 7-10 days after surgery. — 
Each experiment was carried out with the animal ‘ in hee 
conscious state, standing quietly in a harness, and deprived” 


of food but not water for at least 18 hours. Animals Were: a 


studied no more than 2-3 times a week and never on‘con?: 
secutive days. A continuous intravenous infusion“of:0. 15. MoE r 
sodium chloride was maintained throughout each. ‘exe i n 
periment to allow for fluid losses. The main pançreatic duct i 
was cannulated under direct vision through the Thomas 
cannula and the gastric cannula (in some dogs) was opened. 
Pancreatic secretion was collected at 10 minute intervals in 
the resting state and 5 minute intervals in the stimulated ex- 
periments. The secretory stimulants used were pure natural .. 

secretin 1 u/kg (Gastrointestinal Hormone Research Unit, 5 . 
Stockholm, Sweden) and secretin 1 u/kg with” 
cholecystokinin-pancreozymin 1 u/kg (Cecekin, Gastro- 
intestinal Hormone Research Unit, Stockholm, Sweden).. [ft : 
all experiments, both hormones were from the same batches": 
and were administered by single intravenous injections; the. 
order of injections was randomized, 

Pancreatic secretion was collected under oil and — 
sample was individually analyzed for volume, bicarbonate, 
chloride and protein concentrations, the latter serving as a 
measure of enzyme. secretion. Bicarbonate and chloride con- 
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centrtlons were “measured with a Technicon Autoana yzer 
and protein concentration was measured by the meth~d of 
Preshawt, et ‘al Ja . 
The” pregnant. bitches were studied during a period cor- 
* gespondifig to the ‘third trimester in humans, in the 2arly 
post-partum ‘péried and in the late post-partum period The 
early: Post· partum period or puerperium was arbitraril= de- 
' fined as ‘the first three weeks after delivery and the late post- 
_ partum’ period as at least three months after delivery. Zon- 
“trol values were taken from the late post-partum perioc and 
from. the three non-pregnant bitches matched for weight. 
: The-non-pregnant group also acted as a further contol in 


demonstrating that pancreatic secretion did not vary ñ in- 


dividual: dogs during the period of study and that any 
changes néted were due to the pregnancy. At least hree 
< Separate studies with. each stimulant were obtained. 
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It was not bin possible to obtain the pregnant dcgs at 
ae optimum time. Two dogs were nearer term than ex- 
‘pected and. delivered soon after surgery so that they sould 
not be studied during pregnancy; these were studied only 
during the puerperium and the late post-partum perod. 


Electrolyte Secretion 


Basal (Table -1). The resting secretion in the control 
animals.(non-pregnant) was identical to that of the an-mals 
= studied in the late post-partum period. These results are 


S ‘combined and presented in this and in subsequent tabs as 


Feontrol ‘values. Mean basal volume was 0.85 + 0.07 
‘ees oe EM: )-ml/10 min during control studies. A significant in- 
-crease in volume (p < 0.01) occurred during pregnancr, the 
Rite of secretion rising to 1.87 + 0.40 ml/10 min. Ther was 


i ‘ a ‘Slightly lower rate of secretion in the puerperium (1.°4 + 


. 10 ml/10 min) but this was not significantly different From 
“the. Tate of secretion during pregnancy. The mean ticar- 
bonate concentration of 49.4 + 2.9 mEq/L rose to 79.5 
E T2 mea Suning pregnancy and 74.6 + 2.9 m3q/L 


TABLE I. 

Volume 
er {ml/10 mia) 
"Control 

Pregnant dogs 0.85 +0.33 

` Non-pregnant dogs 0.86 40.33 

` * . Total 0.85 £0.07 

oe i „Ding Pregnancy 1.87 +0.80 
| Puerperium* ‘ 

Group A 164 £0.22 

. Group B 1.75 £0.53 

- . Total 1.74-£.0.°D 


Mean + Standard Error. 
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in the puerperium. Bicarbonate output was increased by 
319% during pregnancy and 211% in the puerperium. 
Secretin-stimulated. Volumes for. the first three con- 
secutive 5-minute periods after injection of secretin were 
added together and the results are expressed as ml/15 min. 
Control volumes (Table 2) were no different during preg- 
nancy but were reduced by 22 percent in the puerperium. 
Bicarbonate concentration of 127.5.+ 1.1 mEq/L was de- 
creased to 121.4 + 3.2 mEq/L during pregnancy and 119.8 
+ 1.9 mEq/L in the puerperium. Bicarbonate output was 
decreased by 29% in the puerperium (p < 0.001). Volume 
and bicarbonate secretion were similarly affected when 
secretin was administered in combination with 
cholecystokinin-pancreozymin (Table 3). . 


Relation of Bicarbonate Concentration to Volume 


In order to investigate the reason for the increased bicar- 
bonate concentration seen in the unstimulated experiments 
and the decreased concentration in the stimulated ex- 
periments, the bicarbonate concentration in all experiments 
was plotted against rate of flow. The typical hyperbolic rela- 
tionship between bicarbonate concentration and flow rate 
was obtained. Analysis of the experiments in which bicar- 
bonate concentration was altered revealed that increases 
and decreases in bicarbonate concentration were alwayse 
dependent on similar alterations in the rate of flow. 


Enzyme Secretion 

Enzyme output in the resting state was increased by 73% 
during pregnancy and 35% in the puerperium (Table 4). In 
sharp contrast to electrolyte secretion, the responses to 
cholecystokinin-pancreozymin was’ markedly ‘increased 
during pregnancy but not the puerperium. In some animals 
the increased enzyme responses persisted during the first 
post-partum week but this was not statistically significant. It 
is of interest that the enzyme concentration of resting secre- 
tion was unchanged; the increase in output occurred pari 
passu with the increased volume: Enzyme responses to 


Basal Volume and Elect-olyte Secretion During Pregnancy and Puerperium 


HCO, Concentration HCO; Output 


(mEq/L) (mEq/10 min) 
51.0 +3.2 49.8 +65 
46.6 45.6 445 +11.3- 
49.4 +28 47.6 £5.7 
195 +472 199.5 +50.1 
71.0 +39 129.8 +19.2 
76.6 +4.0 158.6 + 15.9 
74.6 + 2.9 


148.0 + 12.3 


* Group A refers to dogs studied during pregnancy and ;uerperium; Group B refers to dogs who delivered before studies could be 


carried out. Studies were performed in puerperium only. 
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Taste 2. Electrolyte Secretion in Secretin-Stimulated Gland Ee a 
Volume HCO, Concentration ge HCO, — = 
(ml/15 min) (mEq/L) (mEq/l mig =. TE 
Control ` — a ` 
Pregnant dogs 19.2 + 0.9 128.0. + 1.23 ` “2581. + ist 
Non-pregnant dogs 17.8 + 1.53 126.8 + 2.2 -B268 EP eee 
Total 18.82 + 0.79 127.5 + 1.09 , 2459 + 114° 
During Pregnancy 17.5 + 0.98 121.4 +3.23 2170: + es 
Puerperitum 
GoupA 13.4 + 1.26 119.1 +3.16 1616 + TE 
Groug B 15.6 £ 1.0 119.4 42.4 1808 + 112° 
Total i 14.7 0.8 119.3 + 1.88 P7342 E 93 ° 


cholecystokinin-pancreozymin during pregnancy were in- 
creased not only in output but also in concentration. En- 
zyme concentration was slightly increased in the 
puerperium, but because of the volume reduction no in- 
-. crease in enzyme output occurred. 


Discussion 


The duration of pregnancy in dogs is about 62 days. It is 
possible to be certain about pregnancy in the dog only after 
3-4 weeks. We were, therefore, able to study pancreatic 
exocrine function in the last 3 weeks only, a period corre- 
sponding to the third trimester of pregnancy in humans. 

e Our results demonstrate clearly that the basal volume, 
electrolyte and enzyme secretion are all increased in late 
pregnancy and in the puerperium (Fig. 1). The response to 
secretin is unchanged during pregnancy, but is decreased in 
the puerperium. A striking change is the increase in enzyme 
secretion in the unstimulated gland in pregnancy and in the 
puerperium; enzyme secretion in the stimulated gland was 
increased during pregnancy, but not the puerperium. These 
changes reverted after three weeks and were completely 
normal at three months. 

Very little information exists on pancreatic function dur- 
ing pregnancy and the reports are seemingly contradictory. 
Picinelli and Villani’ stimulated pancreatic secretion in 
pregnant females with intraduodenal acetic acid (20 ml 3% 
solution) and noted a slight increase in the concentration of 
trypsin and lipase from the duodenal aspirate. Fitzgerald,’ 
although not studying pancreatic secretion directly, found 


that the serum amylase and lipase were very low. during 
pregnancy, especially during the first trimester, — | 
Several possible mechanisms may explain the effects. ‘of - 
pregnancy on pancreatic secretion. Gastric acid: hyper: 
secretion has been described during lactation,’ but not dür: 
ing pregnancy’ in the dog. This hypersecretion could: result. 
in duodenal acidification and the release of eridogenous 
secretin so that basal (but not maximal) secretion of pan- 
creatic juice would be incréased. Two of our dogs were 
equipped with gastric cannulae in addition to the duodenal 
fistulae. Diverting gastric acid from the duodenum by open- 
ing the gastric cannula did not alter the pancreatic response 
when the cannula was closed. It is thus unlikely that gastric 
hypersecretion affected our results. Moreover, if this were 
the case, it could only explain the increase in | the 


No information exists on the effects of pregnandy on. the: 
metabolism of the gastrointestinal hormones. Conceivably: 


the complex physiologic changes in hormonal balance: dür | 


ing pregnancy and the puerperium could affect - — 
catabolism of secretin, cholecystokinin-pancreozymin, gas: © 


trin, glucagon, etc., and secondarily, affect pancreatic sécre-." `. 
tion. Conversely, our results might simply reflect an altered: + 
reactivity of the pancreas to secretin and ee 


pancreozymin. 


Direct effects of individual hormones on pancreatic secre- _ 


tion must be considered. Oophorectomy* does not alter pan- 
creatic secretion. Nevertheless, Kirdani, Sandberg and 
Murphy? demonstrated that the injection of labelled estriol,’ 


Taske 3. Electrolyte Secretion in Response to Secretin With Chloecystokinin-pancreozymin 


Volume 
(ml1/15 min) 

Control 

Pregnant dogs 20.0 + 1.1 

Non-pregnant dogs 19.2 $2.2 

Total 19.8 + 1.0 
During Pregnancy 20.5 £26 
Puerperium 

Group A 12.7 * 2.6 

Group B 16.6 +0.9 

Total 15.1 +1.2 


HCO, Concentration HCO, Output 

(mEq/L) (mEq/15) 
128.0 + 1.6 2651 + 152 
191.0. 4.3.1 2518 + 244 
128.6 +3.8 2624 + 130 
121.6 +4.4 2509 + 371 
116.0 +°8.0 1559 +377 
119.0 +3.8 1987 + 114 
118.0 + 0.9 1823 + 169 
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TABLE 4. | Enzyme Output in Resting State and in Response to 
“a Cholecystokinin-pancreozymin 
Enzyme Output 


CCK-Stimulated 
(mg Protein/15 min) 


Basal 
(mg Protein/10 min) 


Control Pregnant dogs 870 + 27.7 
_ Pregnant dogs + 3.5 
l _. Non-pregnant dogs 428 45.2 376 + 66.9 
“Total 41.0 42.9 371.2 + 25.8 
During ` 
Pregnancy . WAL £128 576 + 168.1 
> Puerperium 
Group A 50.5 +61 320 + 61.2 
Group É. - 58.2 + 4.5 364 + 56.2 
 « Total 55.5 * 3.5 346 + 43.8 


. estrone, and diethylstilbestrol resulted in a much higher up- 
“take: -of. and: retention of radioactivity in the pancreas than in 
any other organ in the body. They also demonstrated a pan- 
_ creatic -cytosol-binding protein specific for estrogens in 
-> dogs, baboons and humans. Thus a binding site for estro- 
gens ‘has been demonstrated in an organ other than the so- 
called “target” organ. Although the precise cellular source 
in the pancreas for the estrogen receptor protein has not yet 
been clarified; some observations indicate that it may be of 
acinar. origin.’* If estrogens were indeed responsible for the 
increased enzyme output in our study, this could be a possi- 
ble. ‘méchanism. We studied the effects of estrogen? and 
progesterone” on pancreatic secretion, but were unable to 
“detest ‘any effect. It is possible that we were unable to 
achieve the large amounts of circulating hormones over a 
., prolonged period of time as exists during pregnancy and the 
„ Puerperium, 
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Caution should be exercised in transposing our data in 
dogs to the clinical situation. Nevertheless, Joske? has drawn 


attention to the occurrence of pancreatitis during and fol- - 


lowing pregnancy. This relationship was recorded in 12% of 
Joske’s patients. The symptoms were more likely to occur 
late in pregnancy®””® or in the puerperium (so-called “‘post- 
partum pancreatitis’). Cholelithiasis, hyperlipemia, or 
thiazide administration were not common concomitants. In 
most series of reported cases of acute pancreatitis, preg- 
nancy has seldom been mentioned as an associated condi- 
tion, but it is recognized as a definite entity. Although the 
precise mechanism is not clear, the alterations in pancreatic 
exocrine function we have found eould conceivably con- 
tribute to the pancreatitis of pregnancy and the 
puerperium. 
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Pulmonary Microembolism Associated 
With Massive Transfusion: 


|. Physiologic Effects and Comparison In Vivo of Standard and __ 
Dacron Wool (Swank) Blood Transfusion Filters in its Prevention J 


Pulmonary microembolism of microaggregates associated with 
massive blood transfusion may be a cause of post-traumatic 
pulmonary embolism. The purpose of this study was to in- 
vestigate in the dog the influence on certain physiologic 
parameters of transfusion of blood containing platelet: white 
blood cell: fibrin (PWF) aggregates and to evaluate the effects of 
using blood transfusion filters of varying pore sizes during such 
‘transfusions. Exchange transfusions of approximately twice 
blood volume were performed in three groups of animals. 
Screen filtration pressure measurements verified the presence of 
large numbers of PWF aggregates in the transfusions. When no 
transfusion filters or standard commercially available blood 
transfusion filters of pore size 170 u were used, experimental 
‘animals developed pulmonary hypertension, a decrease in total 
body O, consumption, and metabolic acidosis. Interposition of 
Dacron wool (Swank) blood transfusion filters prevented these 


changes. 

NUMBER of abnormalities develop in blood during stor- 
A age. These include changes in cellular elements and 
alterations in protein structure and function. Platelets, 


white blood cells and fibrin (PWF) form aggregates which ` 


increase in size and number as storage time in- 
creases. ?':76.28.80,31,33-35 Sereen filtration pressure (SFP) is an 
expression of the number of cellular and amorphous 
aggregates present in blood, and an increase in storage time 
also causes an increase in SFP of the stored 
blood .2+3:7-9:12.21,24-26,30,35 

When blood is passed through Dacron wool (Swank) 
filters, PWF aggregates are removed and SFP is 
reduced. **:’®.79.27.39.31 These micro-pore filters have been 


used extensively to prevent arterial microembolism during 
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extracorporeal circulation. ™!®*™* The prevention — ‘post: 
traumatic pulmonary insufficiency by using such filters“ 
when transfusing to patients large amounts of stored. blood ®: 
has also been reported.””" 

It has been verified that following transfusion PWES 
aggregates collect in the small vessels of the lungs.’ i (18,2609; 
The purpose of this study was to investigate in the dog: the 
influence on certain physiologic parameters of transfusion, of 3 


aN 


Bee 


large amounts of blood containing PWF aggregates and- to. oe 


compare the effectiveness of standard blood trarisfusion | * 


filters and Dacron wool (Swank) blood transfusion filters i in 


preventing puimonary microembolism of such micro- =. 


aggregates. 
Methods 


Prior to experiments canine blood for transfusion was ob- 
tained through a sterile arterial cutdown from donor., 
animals under light sodium pentothal anesthesia. Unlike 
human blood, canine blood stored in ACD solution does not ` 


develop an increased SFP for as long as two months after; - 
storage. This was found to be true early in this research and‘. 
has also been noted by others.”**:?°? When canine blood is- - 
stored in heparin however, microaggregates form and SFP’ 


begins to rise within two days even though blood clotting 
has not occurred.” For these reasons and in order to insure 
microaggregate formation, transfusions were collected in 
standard heparinized plastic bags containing 2250 IU 
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pars stored’ àt 4 Cc i five days. Platelet and white blood cell 


A ebunts: “of: each: unit of blood were performed on the fresh 
blood. just: béfore storage. Five days later immediately prior 


uy 


“to infüslon⸗ platelet and white blood cell counts were 
repeated: and SFP of each unit of blood was measured using 
‘Swank 5- ‘technique. 8.9.35 No other specific bleeding 


| Bateimeters: ‘were studied. 


.Bhirty-two° dogs weighing 13-20 kg were anesthetized 


. with an‘ initial dose of sodium pentobarbital, 30 mg/kg. 


Each animal was then intubated and artificially ventilated 
with room air using a Harvard respirator set at a tidal 


*. volume ‘of 20 cc/kg body weight and 12-15 res- 


pirations/min. After cannulating the femoral artery and 
vein. with wide-bore polyethylene catheters, two other 
.cathetérs.wére inserted under fluoroscopic control through 


“thé tight jugular vein into the pulmonary artery (PA) and 


- into the right atrium (RA). Positions were later verified at 
“autopsy in all animals. Muscle relaxation was maintained 
‘using’ pancuronium chloride (Pavulon®}, 1 mg/hr. 

Each animal’s blood volume was calculated as 10% of 
body weight. Approximately twice this amount of stored 
canine blood was then administered as an exchange transfu- 
sion (Table 1). Infusions in 10 animals (Group NF) were ad- 
ministered using no filter. In 13 other animals (Group CF) a 
standard commercially available transfusion filter of pore 
size 170 u was used (Cutter Saftifilter blood administration 

‘set 865-08). In 9 animals (Group SF) a commercially 


: BV¥ailable Dacron wool filter which limits particle passage to 


7 | ‘those below 15 u was used (Swank blood microemboli filter, 


va “. PÈ-200):° Immediately prior to infusion each blood bag was 


ae ? Awarmed to 87 C in a water bath. It was then thoroughly 


k 


p “mixed -by gentle agitation and grossly inspected to insure 
i “the absence of blood clots. In no experiment was gross blood 
— clot noted in the transfusion filter. 


Exchange transfusions were accomplished through the 
Ferrit vein catheters with simultaneous removal of the 


game ` amounts of blood through the femoral artery 


“catheters. In the experiments in which blood filters were 


used, no more than 1500 cc of blood were passed through each 
filter. Using 50 cc syringes, exchange transfusion of 500 cc 


_.. of blood took approximately 15 minutes. Blood loss due to 
ea sampling was added as part of the total amount of blood 


‘withdrawn. After each transfusion and before taking 


4 ‘samples approximately five minutes were allowed for each 
Fe animal to stabilize. 


_ PA, RA, and femoral artery pressures were recorded con- 


| tinuously during exchange transfusions and mean PA 


pressure was calculated as diastolic pressure plus two-thirds 
of pulse pressure in the PA. 

Total O, consumption was determined continuously 
before, during and for 30 minutes after transfusion using an 


* Extracorporeal Medical ———— Inc, King of Prussia, Penn- 


sylvania 19406. 


DAWIDSON AND OTHERS 


Ann. Surg. + January 1975 


_ Taste 1. Mean Amount of Exchange Transfusions and SFP of Stored 
Blood Before and After Filtration 
Mean Mean SFP of 
— Blood (mm Hg) 
o 

Number Blood Infused Before After 

Of Dogs (ml) Filtration Filtration 
No filter 
(Group NF) 10 2756 584 584 
Commercial filter | 
(Group CF) 18 2918 378 124 
Dacron filter 
(Group SF) 9 2877 14 


475 


oxygen consumption analyzer (Oxford Instrument Co., 
Jackson, Mississippi). 

Arterial blood pH, pCO, and pO, were determined using 
an IL combination pH meter. 

Thirty minutes after completion of exchange transfusion, 
each experiment was concluded, and the animal was 
sacrificed. Positions of catheter tips in the PA and RA were 
then verified. Portions of the lungs of each animal were 
fixed in formalin solution and prepared for microscopic exam. 


Results 


Mean SFP of the blood transfused was elevated prior to 
filtration (Table 1). SFP decrease after passage through the, 
Dacron filter in Group SF was greater than after passage 
through the commercial filter in Group CF. In Group NF no 
filter was used so that preinfusion SFP did not change. 

Average platelet and white blood cell counts of the 
freshly drawn blood were 188,775 + 15,120/mmi' and 8102 
+ 1604/mm* respectively. After five days of. storage 
average platelet and white blood cell counts had decreased 
to 68,300 + 82,700 and 4,400 + 2,605 respectively. 

Thirty minutes after completion of transfusion mean 
systemic arterial blood pressure had fallen in all three 
groups but was of statistical significance only in the CF 
group (p < 0.02) (Table 2). 

Slight increases in average RA pressure in all groups were 
not of statistical significance (Fig. 1). 

The preinfusion mean PA pressure was 16 mm Hg in 
Group SF, 17 mm Hg in Group CF, and 17 mm Hg in 
Group NF (Fig. 1). After exchange transfusion mean PA 
pressure in Group SF was essentially unchanged (15 mm 
Hg). Average PA pressures rose significantly in Group CF to 
24 mm Hg (p < 0.01) and in Group NF to 32 mm Hg (p < 
0.005). 


Tase 2. Arterial Blood Pressures Before and After Exchange 
Transfusion 
Pre-infusion Post-infusion 
Group (mm Hg) (mm Hg) 
NF 14] + 45.3 134 + 34.2 
CF 154 + 24.1 128 + 13.3 
SF 160 +32.9 145 + 19.2 
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In Group SF average arterial blood pO, increased slightly 
from 101 mm Hg before transfusion to 103 mm Hg after 
transfusion (Fig. 2). In Group CF average arterial pO, 
decreased from 104 mm Hg to 95 mm Hg and in Group NF 
averagé arterial pO, decreased from 96 mm Hg to 68 mm 
Hg (p < 0.02). There were significant statistical differences 
between the post-transfusion pO, in Group CF and that in 
Group NF (p < 0.05) and between the post-transfusion pO, 
in Group SF and that in Group NF (p < 0.01). The 
difference between the post-transfusion pO, in Group SF 
and that in Group CF was not significant. | 

In Group SF average O; consumption decreased after 
transfusion to 95% of normal (76 ml/min to 68 ml/min); 
this change was not of statistical significance (Fig. 2). In 
Group CF, O, consumption decreased to 80% of normal (66 
ml/min to 52 ml/min) (p < 0.001), and in Group NF 
average Oz consumption decreased to 73% of normal (74 
ml/min to 55 ml/min) (p < 0.001). 

‘Preinfusion average arterial pCO, did not differ 
significantly in the three groups (Fig. 3). A slight fall in 
pCO, in Group SF (31 mm Hg to 27 mm Hg) and a 
moderate increase in pCO, in Group NF (28 mm Hg to 35 
mm Hg) were not statistically significant. Essentially no 
change occurred in Group CF (29 mm Hg to 30 mm Hg). 

After exchange transfusion, average arterial blood. pH in 
Group SF decreased from 7.45 to 7.39 (p < 0.05). In Group 
CF average arterial blood pH decreased from 7.46 to 7.29 (p 
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< 0.001), and average arterial pH in Group NF decreased. 
from 7.40 to 7.20 (p < 0.001). The difference betweei®: 
average post-transfusion pH in Group CF and Group NF - zi 
was of borderline statistical significance (p < 0.05); however: 
the differences between the post-transfusion pH in Group’; 
SF and those in Groups CF (p < 0.01) NF (p < 0. ik were.~ ai a 
highly significant. Re 


—* $ è 


Pathology 2 as J — 
On routine microscopic examination using heniatoiylin:. : 
and eosin stains, the small vessels of the lungs of 3°6f'the-7°2° 


animals in Group CF and all of the animals in Group NF | 


were noted to be filled with “cellular 'stroma.” In none of., 
the animals in crue SF was such changes noted. — : 


Discussion 


It has been postulated that pulmonary microembolism. . 
associated with blood transfusion is a cause for post- 


traumatic pulmonary insufficiency.“%7"®?422" If ‘this does’ — 
occur then one would expect that massive transfusion with: i.: : 


blood containing microaggregates would also be associated . 
with pulmonary hypertension.?**"*7 In the present ex- 
periments SFP of the blood before transfusion was mark- 
edly elevated indicating that it contained great numbers of 
microaggregates. When this blood was transfused and no 
filters were used or if standard commercial transfusion filters 
wére used, considerable mechanical obstruction of : the 
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~ pülfönary vasculature probably occurred. This was 
evidenced by marked elevations in PA pressures and further 
J confirmed by pathologic examinations which revecled the 


: présence of microaggregates in the small blood vessels of 


Gs 


_ fiesltings. These changes were prevented when th= blood 
`. transfusions were passed through Swank Dacron-woal blood 


AY *:transfiision filters. 


Mechanical obstruction due to embolization may not 


lve ‘been the only cause for the observed increas in PA 
“pressure. The homologous blood syndrome has been noted 


in both animals and patients after blood transfusior and its 
effects closely resemble those noted in Groups NF ard CF in 
these experiments.*'*'! Such changes did not occur, 


C” however, when transfusions were passed throug Swank 
-.. Dacron wool blood transfusion filters and micro-ag zregates 


were removed. Thus it may well be that the >hanges 


associated with the homologous blood syndrome may be 
caused at least in part by microaggregates remaved by 
dacron wool filtration but not by standard blocd trans- 
fusion filtration. | 
-= Dow et al.® found that factors causing the homologous 
blood syndrome in dogs are localized in the plasma. Since 
platelets remain in the plasma after packed red =ells are 
separated, those data would tend to further verify this 
hypothesis. 

Serotonin, large amounts of which is contained in 
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Fic, 2. Oxygen consump- 
tion and arterial oxygen ten- 
sion changes after exchange 

` transfusion. When transfu- 
sion filters were not used, 
total body oxygen consump- 
tion and arterial oxygen ten- 
sion decreased markedly. 
Use of standard commercial 
blood. filters was also 
associated with a decrease in 
oxygen consumption, but 
oxygen tension changes 
were less. When Dacron 
wool (Swank) blood trans- 
fusion filters were used, Q, 
consumption changes were 
only slight and O; tension 
decreases were completely 
prevented. 
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platelets, also causes pulmonary vascular constriction and 
its effects are not dose related (15). In these experiments 
filtration of four units of blood through a single Swank filter 
lead to a decrease in blood serotonin concentration from 
0.029 mcg/ml to 0.011 mcg/ml, a decrease of 62%. Other 
vasoactive substances and the decreased arterial pH may 
also have been additive.” 

Exchange transfusion without blood filters or through 
standard blood transfusion filters with. 170 micron pores 
caused not only pulmonary hypertension but also a decrease 
in total body Oz consumption. Again this change did notoc- 
cur when Swank Dacron wool blood transfusion filters were 
inserted into the transfusion line. : 

Microaggregates are- composed principally of platelets, 
old white blood cells, and-fibrin, and their accumulation in - 
the stored blood used in this research was associated with a 
drop in free platelet and white blood cell counts during 
storage. Removal of large amounts of these PWF aggregates 
must certainly have accounted, at least in part, for the lack 
of changes in O, consumption of animals transfused 
through the Swank Dacron wool filters. 

The average pH of the transfused blood was 7.02 + 0.10. 
This was undoubtedly lower than the arterial blood pH of 
the animals receiving the transfusions, and must have con- 
tributed to the metabolic acidosis noted in all experiments. 
Since the marked decrease in arterial blood pH was less in 
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Group SF than in Groups CF and NF, it appears unlikely - 


that the low pH of the transfused blood was the only 

etiologic mechanism. Even though excess lactate was not 

„ determined the more severe metabolic acidosis noted in 
Groups CF and NF was probably due in part to the decreas- 
ed O⸗ consumption and tissue hypoxia. 

The data further suggest that pulmonary vaseillar 
obstruction may have caused a reduction in cardiac output 
and that there was possibly a marked increase in peripheral 
vascular resistance. If. such changes did occur, they might 
also have contributed to development of a metabolic 
acidosis. Venous Oz content and cardiac output deter- 
minations would have allowed verification of this 
hypothesis, but ‘regrettably such measurements were not 
performed in these’ studies. 

Tobey et al.** were unable to demonstrate arterial O, ten- 
sion changes in shocked. baboons resuscitated with stored 
blood havirig aii elevated SFP. Neither were such changes 
demonstrated in the present research; change in O; utiliza- 

— tion were seen in this research only because O; consump- 
tions were followed. 

Marshall et al.” did not observe significant changes in 
pulmonary function after massive transfusion with ACD 
preserved blood of otherwise healthy dogs; however SFP of 
the canine blood used in their experiments was not 
elevated, thus indicating the absence of microaggregates 
larger than 20p. | 

In other research currently in progress in these 
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Fic. 8. Arterial blood pH 
and carbon dioxide tension 
changes after exchange 76 
transfusions. When either 
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filters were used, metabolic * 

acidosis developed. This was 

not nearly as severe when T 

Dacron wool (Swank) blood Q 74 

transfusion filters were used. — = 

Arterial carbon dioxide ten- D —— 

sion did not change ` — 

significantly. t73 === 
XN = 

7.2 == 


nd 
— — 
— ⸗ 
— — — 
el 
— — 


o  PRE-INFUSION 


a . 
" orcas 


PULMONARY MICROEMEOLISM ; oe ada Tia ia. 


8. 


laboratories, however, when blood ‘wit ae marked 
elevated SFP was transftised to dogs through. a standard? ` j 
transfusion filter, the same changes as heréin reported “% oc- ` 


curred. Anatomical shunting of blood through ‘the.. lungs ` oe 


(Qs/Qt) increased from a preinfusion valué of. 10% to “Be. 
post-infusion value of 23%, and pulmonary diffusing: epäsi. . 


ty (DO,) decreased from 5.6 to 3.0. Ventilation — — 


ratio (VA/Qc) showed no change from preinfugion Values. . 
No change in degree of shunting occurred when the blédd. 
was transfused throtigh Swank filters. These data, which”, 
will be reported subsequently, further confirm and clarity’ 
those presently reported. 

The changes noted in Group NF — in which « 
the blocd was not filtered certainly may represent. ‘gross: 
pulmonary embolization, and this may account for the in⸗ * 
creased severity of changes noted in these animals when’, 


compared to those in Group CF in which: staridard. tráħs- . — 


fusion filters were used. Such appears doubtful, howevete 
since in Group CF the inline transfusion filters would not 
only have prevented infusion of gross blood clots but would 
also have removed large PWF aggregates. Additionally, 
blood clots were noted in none of the transfusions whether 
or not blood filters were used. 

Standard blood transfusion filters in general use today 
consist or:ly of a screen clot filter with 170 u pores, and.they 
transmit particles smaller than that size. Since physiologic 
changes did not occur in the present experiments when 
animals were infused through Dacron woo! filters, it appears 
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likely’ — the — produced by exchange transfusion 


through the standard commercial blood transfusion filters 


‘oe were’ caused. ‘by mitroaggregates ranging in size from 15 y to 
Pas 170 win diameter. 
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| - Transfusion’ of unfiltered blood containing large numbers 
-of PWF ‘microaggregates should lead to pulmonary micro- 
-, etibolism and its consequent physiologic changes. However 
_ At has not previously been demonstrated in vivo that stan- 
“dard -commercially ‘available blood transfusion filters are 
only partially protective against such microemboli. Further- 
more, the almost complete prevention in these experiments 
of-the detrimental effects of transfusion of blood with an in- 
creased SFP through Swank Dacron wool blood transfusion 
-filters was striking. 
-Microaggregates in stored human blood and those form- 


Po d in the canine blood in this research seem to respond in 


+: Sintilar fashion. 7,8,30,33 However the ultimate fate of these 

> tansfused microaggregates has not yet been clarified. It 
is possible that after lodging in the pulmonary capillaries, 
he may break down and release lytic enzymes from their 
vGrganelles capable of damaging surrounding tissue. Micro- 
emboli may also migrate through the pulmonary capillary 
bed “into the arterial circulation: Embolization to other 
capillary beds may then occur and widespread destruction 
of other body tissues result. 

The Swank Dacron wool blood eranshasion filter is an out- 
growth of ‘extensive research begun in 1961.” Initially, | use 
of this filter. was confined to filtration of blood in pump ox- 

__ygenator operation. Because of its dramatic success in 
preventing harmful sequelae associated with extracorporeal 
- circulation, a smaller, filter for use in blood transfusion has 
“recently been prepared::The blood transfusion filter consists 
“oba nylon screen clot filter followed in sequence by a 
“Dacron wool miesh (Fig. 4). Its filtration characteristics 
“utilizing , humán blood; have been described in detail 
> elsewhere.? ‘19,20 

Essentially, the Swank Blood transfusion filter removes 


: = aggregates: and amorphous debris down to a size of ap- 


proximately 15-y in diameter. The same quantities of non- 
aggregated platelets and white blood cells are removed by 
_ passage through either standard. blood transfusion filters or 
«Swank Dacron wool filters.” ' However standard blood trans- 
fission filters pass microaggregates in such large numbers 
that blood SFP’remains elevated. A single Swank trans- 


< fusion filter effectively removes such microaggregates from 


up to four units of stored human blood.” 

:: It appears to these authors that this research is of great 
‘elnical significance. It has been assumed for sometime that 
transfusion of blood containing microaggregates is a cause 
for post-traumatic pulmonary insufficiency. However 
because canine blood stored in ACD solution does not 
develop an increased SFP, it has been difficult to establish a 
model so that this phenomenon might be demonstrated in 
vivo. In addition the physiologic effects of PWF micro- 
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Fic. 4. (Right) Swank Dacron wool blood transfusion filter. Spike at upper 
end is inserted into blood transfusion container and standard intravenous 
set is inserted into lower part of the filter. Blood then passes through nylon 
screen clot filter (A) and Dacron wool mesh (B). Particles passing this filter 
are 154 in diameter or smaller and up to 2000 ce of 21-day-old human whole 
blood may be filtered under pressure before larger particles are forced 
through. (Left) Appearance of a Dacron wool (Swank) filter from a typical 
experiment. Larger aggregates are filtered out by the upper nylon screen 
clot filter while those passing the clot filter are removed by the lower 
dacron wool mesh. 


aggregates filtered through standard blood transfusion 
filters have not been clearly defined in vivo. The experimen- 
tal model herein represented by Group CF appears 
analogous to the clinical situation in which a patient is 
transfused through a standard blood transfusion filter with a 
large amount of stored blood in which great numbers of 
microaggregates have accumulated. Were this to occur then - 
one might well expect to see the same sorts of changes as 
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were noted, i.e. pulmonary hypertension, decreased O; con- 
sumption and metabolic acidosis.” If such is to be 
prevented in patients, then massive transfusion with stored 
blood should only be administered through appropriate 
~ micropore blood transfusion filters. This research indicates 
that Swank Dacron wool blood transfusion filters are highly 
effective in removal of harmful microaggregates from such 
blood. 

It may well be that all blood transfusions should be ad- 
ministered through Swank Dacron wool filters. When only 
one or two units of blood are to be administered, the lungs 
may be able to adequately compensate for the physiologic 
insult from relatively minor quantities of pulmonary micro- 
emboli. However there would appear to be no reason to add 
this burden to the lungs of an already severely injured or ill 
‘patient unless absolutely necessary. The removal of micro- 
aggregates from all blood transfusions should, therefore, be 
highly desirable. This research has clearly demonstrated 
that removal of such particles can be accomplished by using 
_ Swank Dacron wool blood transfusion filters, but not by us- 
ing standard commercially available blood transfusion 
filters in general use today. 


Acknowledgment 


The authors are grateful co Mr. Clarence H. Tennyson for performing 
Blood serotonin determinations and other valuable technical assistance. 


References 


1. Ashmore, P. G., Svitek, V. and Ambrose, P.: Incidence and Effects of 
Particulate Aggregation and Microembolism in Pump-Oxygenator 
Systems. J. Thorac. Cardiovasc. Surg., 55:691, 1968. 

2. Bennett, S. H., Geelhoed, G, W., Aaron, R. K., et al.; Pulmonary In- 
jury Resulting from Perfusion with Stored Bank Blood in the Ba- 
boon and Dog. J. Surg. Res., 13:295, 1972. 

3. Bennett, S. H., Geelhoed, G. W., Terrill, R. E. and Hoye, R. C.: 
Pulmonary Effects of Autotransfused Blood. A Comparison of Fresh 
Autologous and Stroed Blood with Blood Retrieved from the Pleural 
Cavity in an in-situ Lung Perfusion Model. Am. J. Surg., 125.696, 
1973. 

4. Berman, I. R., Gutierrez, V. S., Burran, E. L. and Boatright, R. D.: In- 
travascular Microaggregation in Young Men with Combat Injuries. 
Surg. Forum, 20:14, 1969. 

5. Bliss, J. Q., Johns, D. G. and Burger, A. S. V.: Transfusion Reactions to 
Plasma Incompatibility in Dogs. Circ. Res., 7:79, 1959. 

6. Collins, J. A.: Current -Research Review. The Causes of Progressive 
Pulmonary Insufficiency in Surgical Patients J. Surg. Res., 9:685, 
1969. 

7. Connell, R. S. and Swank, R. L.: Pulmonary Microembolism After 
Blood Transfusions: An Electron Microscopic Study. Ann. Surg., 
177:40, 1973. 

8. Dhall, D. P., Engeset, J, McKenzie, F. N. and Matheson, N. A.: 
Screen Filtration Pressure of Blood—An Evaluation. Cardiovasc. 
Res., 3:147, 1969. 

9. Dhall, D. P. and Matheson, N. A.: Platelet Aggregates Filtration 
Pressure. A Method of Measuring Platelet Aggregation in Whole 
Blood. Cardiovase. Res., 3:155, 1969. 

Dow, J. W., Dickson, J. F., Hamer, N. A. J. and Gadboys, H. L.: 
Anaphylactoid Shock Due to Homologous Blood Excahnge in the 
Dog. J. Thorac. Cardiovasc. Surg., 39:449, 1960. 


Gadboys, H. L., Slonim, R. and Litwak, R. S.: Homologous Blood Syn- 


10. 


II. 


PULMONARY MICROEMBOLISM ; a — 
12. 
13, 


14. 


15. 
16. 
17. 


18. 


19. 


20. 
21, 


22. 


23. 
24. 
25. 


26. 
27. 


28. 


29. 


30. 


31. 
32. 


33. 


34. 
39. 


36. 


Cardiopulmonary Bypass. Ann. Surg., 156:793, 1962: 


Grand, M. G. and Downing, S. E.: Metabolic and Reflex Influences í on: 
Pulmonary Vasomotion. Am. J. Phys., 218:654, 1970. 55>. 


Hill, J. D., Osborn, J. J., Swank, R. L., et al: Experience Using a New’: 


Dacron Wool Filter During Extracorporeal Circulation. Archi Surg, — 


1¢1:649, 1970. 


Hissen, W. and Swank, R. L.: Screen Filtration Preésiire: — 
Pulmonary Hypertension. Am. J. Physiol., 209:715, 19652...” 


Hyland, J. W., Piemme, T. E., Alexander; S., et al.: 
Pulmonary Hypertension Produced by Serotonin and Exnbol, “Am.” 
J. Physiol., 205:591, 1963. 


Hyland, J. W., Smith, G. T., McGuire, L. B., et al.: Effect of — 
Embolization of Various Sized Pulmonary Arteries in Dogs Am. J. 
PŁysiol., 204, 619, 1968. 


Hyman, A. L., Woolverton, W. C., Guth, P. S. and —— H.: The 


Pulmonary Vasopressor Response to Decreases in Blood pH in In- she 


woe 


tact Dogs. J. Clin. Invest., 50:1028, 1971. 


Jenevein, E. P. and Weiss, D. L.: Platelet Microemboli Associate with: . 


Massive Blood Transfusion. Am. J. Pathol., 45:313, 1964. . 


Litwin, M. S., Relihan, M. and Sillin, L.: Filtration Charactetistic’ ot: 
Decron Wool (Swank) Blood Transfusion Filters. South: Med. T 
(In press. ) 


Marshall, B. E., Soma, L. R., J. R., et al.: Pulmonary Function After. 


Exchange Transfusion in Dogs. Ann. Surg., 179:46, 1974. | an J 


McNamara, J. J., Boatright, D., Burran, E. L., et al.: Changes i in Some 
Physical Properties of Stored Blood. Ann. Surg., 174:58, 1971. 
McNamara, J. J:, Burran, E. L., Larson, E., et al.: Effect of Debris in 
Stored Blood on Pulmonary Microvasculature. Ann. Thorac. Surg., 
14:133, 1972. 

McNamara, J. J., Burran, E. L. and Suehiro, G.; Effective Filtration of 
Banked Blood. Surgery, 71:594, 1972. 

McNemara, J 
Pressure in Combat Casualties. Ann. Surg., 172:334, 1970. 


J. J, Molot, M. D. and Stremple, J. F.: Screen Filtration” 


. - . ` 
+ — id 
. _* 
x . 
- 
. 
- > . 
ip * 
— 4 
" — 
— “ey k 
i" W ay ie 
ie — 
+ 7 


drome. I. Preliminary Observations on its Relationship Ne 


Behavior of: 5* 


* 


Moseley, R. V. and Doty, D. B.: Changes in Filtration Characteristits . 


of Stored Blood. Ann. Surg., 171:329, 1970. ao 


Moseley, R. V. and Doty, D. B.: Death Associated with Multiple ` 
Pulmonary Emboli Soon After Battle Injury. Ann. Surg., 171; 386,- 
1970. 


Reul, G. J., Greenberg, S. D., Lefrak, E. A., et al.: Prevention of Post: ma 
traumatic Pulmonary — Fine Svreen Filtration of Blood, `- * 


Arch. Surg., 106:386, 1978. 


Shields, C. E.: Evaluation of Undefined Material Present, i in i Stored * 
Blood Infusion. Milit. Med., 136:351, 1971. — 


Smith, E. E. and Crowell, J. W.: Influence of Hypoxia on Mech Cir. ` 


culation Pressure and Cardiac Output. Am. J. Payslot 212:1067, : 
1967. 


Solis, R. T. and Gibbs, M. B.: Filtration of Microaggregates i in Stored 
Blood. Transfusion, 12:245, 1972. 
Swank, R. L.: Alteration of Blood on Storage: Measurement of Aging 


Platelets and Leukocytes and Their Removal by Filtration. N. Engl, 
J. Med., 265:728, 1961. 


Swank, R. L., Connell, R. S. and Webb, M. C.: Dacron Wool Filtration ` . 
and Hypotensive Shock: An Electron Microscopical Study. Ann, - 


Surz., 179:427, 1974. 


Swank, R. L. and Edwards, M. J.: Microvascular Occlusion by Platelet 
Emboli After Transfusion and Shock, Microvasc. Res., 1:15, 1968? 


Swank, R. L. and Porter, G. A.: Disappearance of Micro-emboli 
Transfused into Patients During Cardiopulmonary Bypass. Transfu- 
sion, 3:192, 1963. 


Swank, R. L., Roth, J. C. and Jansen, J.: Screen Filtration Pressure 
Method and Adhesiveness and Aggregation of Blood Cells. J. Appl. 
Physiol., 19:340, 1964. 

Tobey, R. E., Kopriva, C. J., Homer, L. D., et al.: Pulmonary Gas Ex- 
change Following Hemorrhagic Shock and Massive Blood Transfu- 
sion in the Baboon. Ann. Surg., 179:316, 1974. 


2 


z „low residue foods are desirable, and in the management of 


a. Stability of Normal Human Fecal Flora During 
— a Chemically Defined, Low Residue Liquid Diet 


Ten adult male volunteers (medical students) subsisted tor seven 
days upon a chemically defined, low residue liquid ciet, and 
consumed 1200-1800 calories per day. All stools were collected; 

_ three were cultured within the hour—a prediet stool, one 
collected on the seventh day, and a postdiet stool. Specimens 
were diluted anaerobically, and anaerobic cultur2s were 
streaked upon plates of prereduced agar media and incubated 
in Brewer jars. During the low residue diet, total fecal mass was 
relatively small and each subject passed only two or three stools. 
The mean reduction in daily fecal output was 70%. Meen counts 
of total aerobes were 10’/gm throughout the study, and mean 
counts of total anaerobes were 10°/gm. There was no overgrowth 
by opportunistic bacteria or fungi. The low residue food did not 
alter fecal flora; there was neither disappearance nor reduction 
of ‘any bacterial group. 


ia 
t ates n 


“WN HEMICALLY DEFINED, low residue diets may be 





CA sed, clinically to provide complete nutritional 

" . maintenance of patients in need of a liquid dietary regimen 
a “of high nutritional value. Defined diets offer nutritional 
= support in gastrointestinal disorders such as chronie inflam- 


= matory bowel disease, short bowel syndrome following sub- 


stantial resection of the small intestine and malaksorption 
syndromes. Elemental diets may also be used preop2ratively 
to provide nutrition to patients scheduled for colenic sur- 
gery, postoperatively after gastrointestinal surge-y when 


` problems of mastication and fecal incontinence. 


+, Employing chemically defined diets as the sole source of 


nutrition, Winitz and colleagues’ found that the weight of 


.4-volunteers remained stable and noted no biocherical ab- 
“normalities. They also reported® a 70-80% decrease in stool 
+ excretion and a decrease in the concentration and types of 
. v fecal bacteria. Both Attebery’ and Glotzer’ aad their 
-© colleagues have confirmed the reduction of feca. volume 
'. during elemental, low residue diets, but have not 
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demonstrated a decrease in the concentration and types of 
fecal bacteria. We have employed a similar defined low 
residue diet, and have assayed its effect upon the fecal flora 
of normal adults. “2 


Methods 


Ten healthy male medical students ranging in age from 
23 to 31 years (mean age + standard deviation. = 25.9 + 
3.0 years) participated in this study. Each niaintained 
himself on a chemically defined, low residue diet (W-T Low 
Residue Food®) for seven days. Four to six 300 calorie 
packets (320-480 gm) furnished dextrin as the car- 
bohydrate, crystalline L-amino acids, vitamins; minerals 
and a source of essential fat, but lacked protein, starch, in- 
digestible material and additional bulk. Each subject was 
allowed water ad libitum while on the low residue diet. No 
other foods were allowed. 

Three stools from each subject were cultured for quan- 
titation and identification of microflora. The first stool was 
collected the day before the subject began the defined diet, 
the second was taken on the seventh day of the defined diet, 
and the third was obtained three days after resumption of 
the subject’s regular diet. In addition, all stools passed were 
collected, weighed, and examined for color, odor and con- 
sistency. A weighed sample of each was dried overnight in a 
vacuum oven at 60 C in tared pans so that the dry weight 
could be obtained and the percentage solids calculated. 

The subjects received no medication in the week prior to, 
or during the diet period. Each took one 5 mg bisacodyl NF 
tablet (Dulcolax®) on the evening before starting the defined 
diet to facilitate cleaning the bowel of residue remaining 
from the normal diet, and with the first feeding of the de- 
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fined died, two 10 grain refined charcoal tablets as a marker 
for gross and microscopic observation. Intestinal transit time 
during a chemically defined, low residue diet has been es- 
timated at five to seven days.’ 

All stools were collected in 11.5 X 13 inch plastic bags. 
Those to be cultured were processed within 30 minutes of 
excretion. Each was kneaded in the plastic collection bag to 
provide a homogeneous specimen; a 0.1 gm sample was 
transferred to a tared screw cap tube and emulsified in 9.9 
ml fluid thioglycollate medium with the aid of a vortex 
mixer. Serial 100-fold dilutions were then continued under a 
stream of O,-free CO, in prereduced fluid thioglycollate 
medium in rubber stoppered tubes. All dilutions were 
plated aerobically employing blood agar medium (5% 
human blood in brain-heart infusion agar containing 4% 
agar), MacConkey agar, mannitol salt agar, cornmeal agar, 
and Sabouraud agar. These plates were examined after 24 
and 48 hours, except cornmeal agar and Sabouraud agar 
which were inspected after 10 days. 

For anaerobic culture, plates of blood agar medium and 
Rogosa SL agar were prereduced by storage for at least 48 
hours in a flexible plastic anaerobic glove box containing an 
environment of 5% CO,, 10% H,, and 85% N. Reduced 
plates were removed from the glove box in sealed Gas-Pak® 
Jars so that they would be exposed to room air only during 
‘inoculation. The inoculum was spread on the agar surface, 
and anaerobic plates were immediately incubated in Brewer 
jars. These were evacuated and filled with a mixture of 95% 
H: and 5% CO, three times before being clamped off. In the 
interim, plates in partially filled Brewer jars were kept un- 
der a stream of O,-free CO, until the jar could be sealed, 
evacuated, and gassed. All anaerobic plates were incubated 
for at least four days before being examined and sub- 
cultured. All media were incubated at 37 C, except for corn- 
meal agar and Sabouraud agar at room temperature. 

Reduced brain-heart infusion agar roll streak tubes were 
inoculated from each specimen under a stream of O,-free 
CO,, but did not yield total counts of anaerobes different 
from those obtained from plate cultures. In addition, tubes 
of brain-heart infusion broth, fluid thioglycollate medium, 
and cooked meat medium were inoculated from the initial 
dilution of each specimen. These allowed both aerobic and 
anaerobic bacteria to grow, and were studied as a check on 
the organisms isolated from surface cultures. The growth of 
species on appropriate selective media also served as an in- 
ternal check. Aerobic isolates were streaked to eosin- 
methylene blue agar to identify coliforms, and were sub- 
cultured to heart infusion broth, from which Gram-stained 
smears were prepared. Standard methods were used to iden- 
tify Gram-negative enteric bacteria, Isolates from anaerobic 
plates were streaked to a blood agar plate for aerobic in- 
cubation to verify that the isolate was an anaerobe. 

All bacterial counts were transformed to logarithms to the 
base 10 for ease of statistical analysis. Mean differences 
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between treatments were examined by the t roe The 
criterion for random distribution between-:two: treatment. . 


groups was selected as a probability (P) eqial: to: OF. pater : 
than 0.05 with 18. degrees of freedom ‘ <$- 2: — 
Results etre : Pa 

Each subject passed only two or three stools dirine. ‘the 
seven days of the defined diet. Table 1 indicates that the 
mean daily output of feces was diminished 70% during this 
period. This difference was statistically significant (P < 
0.001}. The mean daily output after resumption of a regular 
diet by each subject was not significantly different from out- 
put initially. This table also shows that the mean percentage 
of fecal solids was not altered significantly during the period ` 
of the defined diet. Although the mean body weight of sub- 
jects decreased three pounds during the diet and increased — 
subsequently, these changes are not significantly different, 
and represent intestinal bulk lost during the low residue diet 
period and regained subsequently. 

Observation of stools for color, odor and consistency indi- 
cated that these properties generally remained unchanged’ 
However, three subjects, who passed liquid stool on the 
sixth and seventh day of the defined diet, experienced 
neither pain, discomfort nor cramping. The initial and 
sometimes the second stool of the diet period was noted to 
be darker or to have dark patches due to the charcoal used 
as a marker. This was confirmed by microscopic examina- 
tion. 

Quantitative bacteriological studies indicated that. the 
change to the chemically defined, low residue diet caused 
no alteration of fecal flora. Table 2 summarizes the: meats 


for total aerobes and anaerobes, and for the several ‘groups 7 
of aerobic and anaerobic bacteria. Although mean. values for. so 
some bacterial groups were lower during the defined dist: ae 
none of the differences between pre-diet and“diet means“, 


and pre-diet and post-diet means was statistically. signifi-“: 
cant. Bacteroides were the predominant microorganisms in ”’ 
feces, and were followed in descending order of concentra- 
tion by lactose-fermentating coliforms (Escherichia and 
Enterobacter), the fusobacteria, anaerobic lactobacilli 
(Bifidobacterium), other anaerobic Gram-positive rods, and | 
streptococci. The clostridia, veillonellae, and peptostrep- < 
tococci were minor anaerobic constituents, and staphylo- <a 


Influence of a Chemically Defined, Low Residue Ligild 
Diet on 10 Healthy Adult Males 


Mean + Standard Deviation 


TABLE l. 


Fre-diet Diet . Post-diet 
Feces produced, 
grams wet weight 
per day 157.5 + 70.1 48.4 + 17.6 126.5 + 55.7 
Percentage dry fecal 
solids 263 4 75 257 + 67 28.0 + 9.1 
Body weight, Ibs. 188 + 27 185 + 25 191 .+ 22 


aa 








, — ‘a Bacterial Counts of Feces* from 10 Healthy Adult Males 
“Microorganism *  Pre-diet Diet Post-diet 
“Total aerobes l ‘7.82 + 0.79 7.67 + 1.12 7.46 + 132 
» Fotal: anaerobes -10.41 £0.28 1052 + 0.33 10.30 + 0.87 
“Eechisrichia E 7.56 + 0.74 7.09 4152 6.97 + 1.28 
_ Enterobacter 3.65 + 2.77 1.28 + 2.47 2.29 + 2.67 
`- Streptococcus 4.02 + 2.90 3.19 + 2.69 6.08 + 2.22 
Staphylococcus 1.36 + 2.37 2.22 + 2.28 1.22 + 2.00 
— Lactobacillus 2.81 + 3.71 1.99 + 3.35 2.76 + 3.75 
Buoda 10.11 + 0.39 1089 £038 10.09 + 0.90 
. Fusobacterium 6.91 + 4.77 6.92 + 4.56 7.45 + 4.04 
“Veillonella . 1.25 + 2.98 1.94 + 3.85 3.08 + 4.52 
“Elostridtum 2.74 +325 158.4288 148 +317 
“i Bifidobacterium | 6.92 + 3.82 6.14 + 3.86 6.40 + 4.22 
_ Other anaérobic 
Gram-positive 
ods > 6.58 *. 4.56 4.73 + 4.62 2.90 +. 4.48 
l .“Peptostreptococcus _ 1.03 +-2.92 1.82 + 3.83 1.12 + 3.21 


* Arithmetic means of log.o/gram wet weight + standard devia- 
‘tion. 


cocci and lactobacilli were minor aerobic constituents of the 
fiora. Fungi were not found, and yeasts were isolated only 
from the diet stool of two subjects (log values of 4.42 and 
5.90). There was no overgrowth of opportunistic bacteria or 


fungi with use of the defined diet. Bacteroides were isolated ~ 


easily without use of selective media containing antibiotics. 
Aerobic and anaerobic blood agar plates served as the 
primary medium for colony counts with the other selective 


. media employed only as a supplementary back-up. 


Discussion 


The defined low residue diet diminished stool mass and 
- decreased the frequency of stool passage. Concomitantly, 
“there was no marked reduction in bacterial population nor 
_was-there disappearance or reduction of particular bacterial 
groups: “In this regard, our findings confirm those of 
anben et al.‘ and Glotzer et al.*, but not those of Winitz et 
- al The present study utilized specimens of fresh feces ob- 
tained under ideal conditions from ten healthy adults 
receiving no medication as opposed to specimens obtained 


‘from hospitalized patients. This report establishes baseline 
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data of value for future studies of changes in human fecal 
flora. 

Our previous report? and that of Nichols and colleagues‘ 
regarding the effect of preoperative mechanical preparation 
of the colon by means of enemas, cathartics, and low residue 
or clear liquid diet have shown reduction in the total fecal 
mass and either no change in the concentration of any fecal 
microorganism or reduction in the concentration of 
coliforms, respectively. Although fecal output was dimin- 
ished 70% as a result of the low residue diet, it may be 
calculated from the results of the present study that the 
total bacterial content of the fecal mass was only lowered 
from 4.07 X 10% to 1.44 X 10”. Thus, any feces remaining 
in the colon contain such large numbers of bacteria that 
their potential for infection remains a major hazard follow- 
ing colonic operations. Accordingly, use of defined diet 
alone would be inadequate for intestinal antisepsis for 
preoperative preparation of the colon, and shouldbe ac- 
companied by the additional administration of appropriate 
oral, nonabsorbable antibiotic(s) in the regimen. 
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Pyeloureterostomy Reconstruction: i in. 


Pyelouretersotomy or ureteroureterostomy was the urinary tract 
reconstructive procedure in 114 of 132. consecutive renal 
transplants performed at ‘the Massachusetts General Hospital 
from September 1967 to December 1973. Anastomotic leakage 
was the only complication related to failure of 
pyeloureterostomy or ureteroureterdstomy. This occurred in 
nine transplants (7.9%), Since 1970, only four anastomotic leaks 


have occurred in 79 consecutive pyeloureterostomies or ` 


yreteroureterostomies. Six of the nine primary anastomotic leaks 
were corrected either by retrograde ureteral catheter drainage 
or re-suturing of the anastomotic defect. Only one patient died 
as a result of complications following a leak. The operative 
technique is described with emphasis on the important details 
believed necessary for consistent success in performing this 
procedure. 


‘PVHE CONTINUING IMPORTANCE of technical complications 
Ta human renal transplantation is emphasized by the 
most recent report of the Human Renal Transplant 
Registry. In this report, which included 12,389 transplants, 
12% of the kidneys were lost primarily because of technical 
problems. Review of the literature indicates that the major- 
ity of technical failures and complications are related to the 
urological reconstruction. 3799-15-17 

Most authors now recommend the ureterovesical 
anastomosis as the reconstruction procedure of 
choice.2*794:4 This consensus has resulted from the 
reported 14-50% incidence of anastomotic leakage with 
pyeloureterostomy and ureteroureterostomy and the sub- 
sequent failure of salvage procedures.” 

Nevertheless, there are practical and theoretical disad- 
vantages to the ureterovesical reconstruction technique and 
a review of reported series indicates a significant incidence 
of immediate and late post-transplant complications. 


Submitted for publication May 30, 1974. 
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Leakage from the ureteral implant site and the bladder 


. closure varies from 2-21%."*4'%4 Late post-transplant 


urete-al obstruction is reported in 2-7% of cases. Ureteral 
necrosis resulting from either failure to preserve adequate 


blood supply during donor nephrectomy or from rejection is 


a complication seen in every large series.5%47*15 The 
necessity of a bladder catheter for four to seven days. to 


protect the bladder closure and implant is a significant. con- -> 


sideration in the immunosuppressed patient and Starzl has. 
reported a slightly greater incidence of urinary tract infec- - 
tions with the ureterovesical technique." 


Excessive É 
bleeding from the bladder incision necessitating frequent 


irrigation or catheter replacement to remove obstructing... : 


blood clots is not an infrequent problem and has resulted in 
disruption of the ureteral anastomosis.”® The nécessary dis- 
section around and opening of the bladder, difficulty in im- 
mediate postoperative retrograde catheterization and in- 
creased possibility of reflux, are disadvantages that could - 
lead to major complications. 


Advantages of the ureteroneocystostomy include fewer ` n 
early anastomotic failures: probably related to the more... 
meticulous technique and experience necessary in perform- ™ >’ 


ing the pyeloureterostomy. The former approach . also 
retains the possibility of conversion to a pieloun 
if the implant fails. 

Py eloureterostomy and ureteroureterostomy reconstruc- 
tions have been criticized primarily because of the previ- 


ously mentioned incidence of early anastomotic leaks. 
Other objections are the infrequent late obstructions follow- 
the necessary urinary tract 


ing ureteroureterostomy,” 7 
evaluation pre-transplant, and the necessity of ipsilateral 
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Ole oe 
sephtectomy. in past descriptions of this technique, protec- 


z tive’ nephrostomy and: ureteral stents were recommended, 
«but most authors, including ourselves, now feel that zhis is 


2 not necessary and probably leads to significant mor- 


bidity? aie 

The. advantages of the pyeloureterostomy or uretezoure- 
ie estoy include almost complete avoidance of earl and 
late obstruction; ureteral slough, and prolonged bladder 
i catheterization. In 1966, Leadbetter et al. described the 
technique for pyeloureterostomy and uréteroureterostomy 
i , used in transplant urinary tract reconstruction at our irstitu- 
tion. ‘This technique was used in 25 transplants, from 1963 


— 10 1966. Oné leak was encountered from failure Œ the 
“Ste, anastomosis. 10 Since September, 1967, 114 pyeloure eros- 


¿| tomis or ureteroureterostomies and 18 ureterovesical im- 
`- plants have been performed during 132 consecutive -enal 
allotransplants ať- the Massachusetts General Hosoital. 
There were 40 living-related and 92 cadaver donors. These 
procédures were all performed by or under the direct saper- 
vision of the authors. 

It is the objective of this report to review the resus of 
urological reconstruction using pyeloureterostomy or ure- 
teroureterostomy as compared to the ureterovesical im- 
plantation in our own series and in those of others. Ir this 
report, ureteroureterostomies will be classified with py-lou- 
reterostomies, since the exact location of the anastomcsis is 
sometimes difficult to determine. The operative techrique 
used in pyeloureterostomy will be described in detail. 
Adherence to meticulous technique may explain the rel_tive 
freedom from ‘complications in this series as compared to 
other reported experiences. 

Methods 

The technique of pyeloureterostomy used in this program 
is similar to that previously described by Leadbetter et al.” 
Minor technical modifications have been made to a-oid 
complications that occurred in the earlier years of our ex- 
Perience. 
aeo (Special care is taken to leave the recipient uster 

— Jong to avoid tension at the anastomosis. Ex- 
cessive redundancy of the recipient ureter is also avoided as 
this may lead to kinking of the ureter and obstrucCon. 
Before constructing the anastomosis, the thin connecive 


{tissue over the anterior surface of the recipient ureter is 


"divided thus removing potentially obstructive bands. Dc- 
casionally, this division has extended several centimeers 
‘distally when. it appeared that the ureter might becc me 
- kinked against these bands. _ 
Six-O chromic suture is utilized in place of 5-0. The 
_ smaller swedged-on suture avoids the larger holes left by 
the 5-0 chromic in the thin ureteral and pelvic walls, from 
which we have observed significant urine leakage. Recercly, 


ve have also used 7-0 Tevdek with no apparent problems to 


date. The use of a small, non-absorbable suture of grezter 


WHE_CHEL AND OTHERS 


Ann. Surg * January 1975 


tensile strength than 6-0 chromic has obvious advantages, 
but a greater period of follow-up is needed to determine any 
disadvantages. 

If pyeloureterostomy is to be considered, the ipsilateral. 
kidney is removed through the transplant incision. To ac- 
complish this, it is usually necessary to extend the lateral 
edge of the incision several centimeters for adequate ex- 
posure. The kidney is exposed by continuing the 
retroperitoneal dissection cephalad: The kidney is mobi- 
lized except for the hilar area. It is then retracted caudally, 
and the renal vessels are exposed, ligated, and divided. The 
ureter is divided near the ureteropelvic junction. Oc- 
casionally, it is necessary to divide the ureter prior to ex- 
posure of the hilar area. Polycystic kidneys are usually 
removed at a prior operation, since their size frequently 
makes removal difficult and hazardous through this route. 
Following revascularization of the graft, the distal recipient 
ureter is identified and dissected from its retroperitoneal 
position, with care being taken to preserve its blood supply. 
Several nutrient vessels may be seen traversing, the ureteral 
“mesentery” and in most cases, these vessels can be 
preserved. The ureteral dissection is continued until an. 
adequate length is obtained to reach the donor pelvis 
without creating tension on the anastomosis. The ureter is 
inspected for caliber, patency and vascular supply. If any 
abnormalities are present, pyeloureterostomy is not per? 
formed. If the recipient ureter is satisfactory, the donor hilar 
area is inspected to rule out the presence -of a bifid pelvis. 
The presence of a double collecting system requires 
modification of the technique.’ 





Fic. l. Spatulation of the donor pelvis and recipient ureter. Fic. 2. Place- 
ment of the matress sutures at the apices of the anastomosis. 
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In final preparation for the pyeloureterostomy, the donor 
ureter is opened along its anterior medial surface to a point 
where the diameter of the lumen increases near the uretero- 
pelvic junction. If the pelvis or ureteropelvic junction is in- 
trarenal, dissection of the hilar area is avoided and a 
ureteroureteral anastomosis is performed. l 

When the position of the distal apex of the anastomosis is 
determined, the donor ureter is divided at that point. The 
donor ureter is opened approximately 2 cm along ‘the 


anterior medial. surface to the proximal apex of the. 


anastomosis which is usually within the renal pelvis (Fig. 1). 

The length of recipient ureter necessary to reach the 
proximal apex of the anastomosis without tension is deter- 
mined and the recipient ureter.is divided at that point. The 
ureter is opened along its posterior lateral surface for ap- 
proximately 2 cm to the distal anastomotic apex (Fig. 1). 
Care is taken to avoid the major vessels on the posterior sur- 
face of both the donor and recipient ureters. 

Everting mattress sutures are placed at each apex to 
secure a tight closure at these points (Fig. 2). The apices are 
then rotated 180° exposing the back wall (Fig. 3). Stay 


Fic. 3. Direction of rotation 
of the pelvis and ureter to 
expose the back wall of the 
anastomosis. Fic. 4. Initial 
suture placement ir the 
back wall of the anaszomo- 
sis. Fic. 5. Completed 
pyeloureterostomy. 


PYELOURETEROSTOMY RECONSTRUCTION 





=, 


sutures ate not used. The back wall anastomosts. is per, 
formed first as this is the most difficult. The first two sutures“- 
at the distal apex are placed with great care,.as improper. 
placement results in leaks at this point and poor. “alignment , 


making the remainder of the anastomosis dificult: The, 


sutures are placed approximately 0.5 mm apart: ànd ‘about 
the same distance from the anastomotic edges. The sutures ; 
are carried to the opposite apex and tied (Fig. 4). Once,” 
placed, the needle is not withdrawn unless’ the next needle. — 
pass is behind the unoccupied hole from which continual. .- 
leakage will otherwise frequently occur. If a leak-is present ` 
at the completion of the anastomosis, it should be closed a 
sutures placed at the same depth as those.of the suture litie. z 
A deeper suture appears to apply greater stress on the tissue’? ; 
producing a pinpoint leak through the suture track. ` A 

One or two penrose drains placed in the operative: ee 
are removed when the wound drainage is minimal, usually 
within 48 hours. 

Foley catheter drainage of the bladder is EEE — 
ing the immediate postoperative period until diuresis has . ~ 
slowed and replacement fluid requirements have stablized. 


Posterior wall 
sutured 





“ 
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l m oiir experiencė, the satheler cän usually be removed 
within thie: first 24 hrs. postoperatively. : 
In this ‘series, Imuran® and prednisone were the primary 
immitinosuppressive agents. Prior to 1972, selected patients 
<. rééeived. antithymocyte globulin (ATG)} intramuscularly. 
7 “Since 1972, a study has been in progress in which in- 
3. travenous ATG is being given to patients selected at random 
in ‘addition to standard immunosuppression. | 
The ureteroneocystostomy utilized in our bladder im- 
plant procedures has been well described by others.+*1 
' Post-transplant intravenous pyelogram or retrograde 


cathéterization studies were obtained iri the early post- ` 


oa operative period with few exceptions in this series. 


* 
PE 
+ 





a Ep * + Apathioprine; Burroughs Wellcome & Co., Ine., Tuckahoe, N. Y 


“t -Antithymocyte globulin, The Upjohn Company, Kalamazoo, 
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Results 


-Of 114 pyeloureterostomies performed: JEn posts 
operative complications related to the technique occiirred 
in nine instances (7.9%). Table 1 summarizes the pertinent 
information concerning these nine patients. Technical 
failure in achieving a tight closure was considered to have 
caused leakage in six of the nine anastomotic failures. 
Primary repair of the leak was performed in four of these six 
technical failures with 1 transplant being lost due to failure 
of the reconstructive attempt and severe rejection. Two 
patients developed leakage from apparent anastomotic dis- 
ruption following re-exploration ‘for wound hemorrhage. 
Both patients lost their transplants from failure of the 
reconstructive procedures. In three patients, leakage was 
satisfactorily controlled with retrograde ureteral catheter 
drainage and re-suture of the anastomotic. defect was not 


- Michigan. necessary. There was only one late complication directly 
TaBLeE 1. Anastomotic Leaks Directly Related to Pyeloureterostomy 
F Date of Day of Leak 
No. Patient’ Transplant Donor Dx. post-Tx. Function Cause of Leak ` Treatment Results 
1 PG. 1968 C 27 days delayed Technical failure. Suture closure of defect Good 
— over a ureteral stent 
i without nephrostomy. e 
2 R.B. 1968 C lday immediate Probably technical. . Retrograde cath Good 
, failure.. Diagnosis made drainage for 14 days. * 
with Indigo carmine blue. 0 
Not demonstrated on retro- 
grade study.. . . 
3 J.P 1969 C 12hrs. immediate Technical failure. Primary repair over a Graft removed due to 
ureteral stent following continual leakage & 
failure of-control by rejection. Pt received 2nd 
, l — ureteral cath. drainage. transplant. 
4 ES 1969 C  lday immediäte Technical failure. Retrograde cath. drain- . Good 
age for 14 days. . : 

5 BM 1969 C 2days immediate Technical failure and — Two attempts at re- Good*. 
disruption of the suturing over a ureteral a S 
anterior wall of the stent with nephrostomy ` 
anastomosis with retro- drainage. 

. . grade cath. $2. fan . a 
6 AG 1970 LR 12hrs. immediate Torsion:of renal vein Removal of obstructing Good 
resulted in hematuria clot and ureteral cath. 
and an obstructive blood drainage for 24 hours. 
— clot in distal ureter. | 3 i : 

7 PG 1971 C 54 days immediate Anastomotic disruption Primary repair over Unsuccessful. Pt. died 
following third re- ureteral stent with ` from generalized septicemia 
exploration for wound nephrostomy drainage. and meningitis. 

: hemorrhage.. > 3 
8 MV 1973 LR 8days immediate Probable anastomotic Attempted primary _ Unsuccessful. Graft 
— disruption following repair after failure removed due to severe 
ae wound exploration and of retrograde drdinage rejection and wound 
re suture of ruptured with ureteral stent and infec. 
H, kidney. nephrostomy. 
9. JL 1978 C 24 hours immediate Technical failure and Primary repair over Goodt 


high urine output. Leak 
closed spontaneously in 
36 hrs. Pt. returned in 

6 wks. with leak into an 


ureteral stent and 
nephrostomy drainage. 


abcess. 


: * Patient died from a ruptured sigmoid diverticulum 6 months post-transplant. Previous complicated hospital course may have contributed 


to her inability to respond to treatment. 


t Patient probably developed a small abscess at the point of initial urine leakage. The abscess spears to erode’ the suture line two 
‘months post-transplant. IVP five days post-transplant was normal, Surgical repair was successful but two days before planned removal of the 
nephrostomy tube, the patient committed suicide. He had a long history of depression and previous suicide attempts. 


tee 
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Tagle 2. > Anastomotic Leaks Directly Related to Ureteroneocystostomy 
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j -. Date of Day of Leak Pe ah: eae 
No. Patient Transplant Donor Dx. Post-Tx. Function Cause Treatment Results vie ios, Tar a 
D.J. 1969 LR l immediate Technical failure at Ureteral cath. and Good oe Se — a> 
ureteral implant site. nephrostomy . Cea ee 
2 MC. 1969 LR l immediate Technical failure at Re-exploration and Ureteral obstruction: 


ureteral implant site. 





related to anastomotic leakage and that was successfully 


corrected (Patient J.I.). These nine patients represent the 
only early or late complications from the anastomosis. 

Table 2 summarizes the complications seen following 
ureteral implantation in this series. Leakage occurred in two 
instances from the ureteral implant site despite use of a sub- 
mucosal tunnel and a mucosa-to-mucosa anastomosis with 
fine chromic’sutures. These kidneys were salvaged, but one 
patient did develop late ureteral obstruction. 

The two patients who developed complications of the 


~ urinary tract not directly related to the anastomotic tech- 
nique are presented in Table:3. In one the diagnosis of renal 


tuberculosis was not made prior to autopsy, The other leak 
was due to perforation of the recipient ureter during a 
retrograde catheter study for evaluation of oliquria. In both 
ifistances, the graft and patient were lost. 

Of the 11 patients who developed anastomotic leaks, 
eight were successfully controlled and only one patient ex- 
pired from complications directly related to anastomotic 
failures.’ 


- ‘Discussion 

Pyeloureterostomy or ureteroureterostomy offer several 
advantages in the reconstruction of the urinary tract in renal 
transplantation when compared to the treteroneocystos- 
tomy as judged from our experience and that reported by 
others,13:71911,18,14,17.18 There is a decreased incidence of in- 
adequate blood supply to the ureter, late obstruction, and 
the prolonged use of decompressive catheters is avoided!” 
The bladder is not opened and dissection around the 
bladder is not necessary. There is rarely any significant 
hematuria.’!” Retrograde studies are easier to obtain im- 


re-implantation with 


ureteral cath. of leak—successfully  _., 


repaired. 


mediately postoperatively and there is no problem with 

postoperative reflux provided the recipient had non- n-reflus 

ing ureters prior to transplantation. | i 
Ureteroneocystostomy i is the procedure — —— bye 


teroureterostomy. Another major criticism is thé reported 


4 months following closure . 


r 


most authors due to the reported incidence of up to 50% — 


early anastomotic leakage with pyeloureterostomy- Or. ure= We = 


salvage of less than 50% of kidneys following anastomotic | 


leakage when the donor ureter has been discarded. 


In 114 transplants where pyeloureterostomy or ureter- 
oureterostomy was the reconstructive procedure, nine leaks ` 
. occurred from failure of the anastomosis or a 7.9% com- 
plication rate from anastomotic leakage. There were no 


other complications directly related to the procedure in the 
early or late postoperative periods. Since 1969 only four 
leaks have occurred in 79 transplants where this procedure 


- was used (Table 4). 


Six of the nine transplants .were de salvaged by 
appropriate surgical techniques. Three were controlled by 
retrograde catheter drainage and three required corrective 
surgical procedures that included resuturing of the 
anastomosis, ureteral stents, and nephrostomy drainage. 
Only one patient died as a result of the failure of the 


anastomosis. If the recipient ureter is too short for a-~ 


reconstructive repair following leakage of the anastomosis, 
the opposite ureter can be brought across as recommended 
by Leadbetter." This technique was successfully used in 
one patient. The described technique can also be adapted to 
a double collecting system either by pyeloureterostomy as 
described by Feldborg* or the combination of a pyeloure- 
terostomy and ureteroureterostomy that was successfully 


‘used in one patient in this series. 


Urinary Tract Fistulas Not Directly Related to the Pyeloureterostomy Failure 


. TABLE 3. 
Date of Day of Leak 
No. Patient Transplant Donor Dx. Post-Tx. Function Cause Treatment Results 

F IPP. 1968 C 108 immediate Necrosis of the Excision of necrotic Graft and patient 
calyces. Diagnosis calyceal tissue and lost due to 
of severe renal necrosis repair with nephros- miliary tuberculosis. 
secondary to tuberculosis tomy drainage. 
made at autopsy. 

2 LS 1972 C 14 delayed Retrograde cath. Multiple attempts at Unsuccessful due to 


perforation of ureter. 


inability to control 
leakage. Pt. returned to 
hemodialysis. 


closure of ureteral 
defect over ureteral 
stents with nephrostomy 
drainage. 
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hee 4. Pyeloureterostomy Anastomotic Leaks Before and After 





— Lake. December, 1969 
Ate ee Percentage 
eee ae Number of Number of of Primary 
a oe Pyeloure- Anastomotic Anastomotic 
REE eel terostomies Leaks Failures 
Sept: 1967 to: 
Dec.:1969 85 5 —— 
Jan. 1970 to 
Dec. 1978 79 4 208 
114 9 1.9% 


* 


Totul 


arg t 
ne 


wee henne leaks (No. 3 & 7, Table 1) followed re- 


` exploration of the transplant wound for hemorrhage from 


the graft. Neither patient had evidence of leakage prior. to 
exploration ; and it was concluded that the anastomoses were 


E — disrupted during the exploration procedure. We 


therefore: emphasize the importance of carefully avoiding 
” the area “Of the anastomosis if re-exploration is necessary 


. — the early healing stages. 


Our experience with the ureteroneocystostomy is limited 


to a relatively small number of patients, and we have ex- 
perienced three major complications directly related to the 
procedure in two patients. Both grafts were salvaged but the 
morbidity and period of hospitalization were similar to that 
of the pyeloureterostomy failures. 


We agree with Starzl,” Belzer,? and others*®®! that 


ureteral implantation may be the safest technique when per- 
formed by surgeons without experience or instruction in the 
details of successfully constructing a pyeloureterostomy or 
ureteroureterostomy. In our series, however, it has proven 
to be an excellent method of urinary tract reconstruction 
offering certain advantages over ureteral implantation. 


l. Anderson, E. E., Glenn, J. F., Siegler, H. F. and Stickel, D. L.: 
Ureteral Implantation in Renal Transplantation. Surg. Gynecol. 
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Effects of Cortisone Acetate, Methylprednisolone 


Aas 


and Medroxyprogesterone on Wound Contracture and 


Standardized flank wounds were made on 20 rabbits divided 
into the following five groups: Group 1 served as controls, 
Group 2 were given cortisone acetate 6.25 mg/kg/day (1.M.), 
Group 3—methylprednisolone (Solu-Medrol) 1 mg/kg/day, 


Group 4——medroxyprogesterone (Depo-Provera) 35 mg/kg/ 


day, Group 5—methylprednisolone 1 mg/kg/day and me- 
droxyprogresterone 35 mg/kg/day. Wound contracture and 
epithelization was measured by planimetry of photographs 
taken twice weekly; weekly weights were recorded, and the 
maturation phase of wound healing followed in the control 
and methylprednisolone groups. All three steroids prolonged 
the latent phase of wound healing, slowed the rate and de- 
creased the total amount of contracture. Cortisone showed 
the most inhibition of wound contracture and was the only 
steroid to inhibit epithelization suggesting it may have a 
slightly different or more potent mode of action. When the 
methylprednisolone group was followed for seven weeks on 
daily injections, the maturation phase of wound healing was 
inhibited, and this inhibition persisted during the next nine 
weeks after the drug was withdrawn. Only the control and 
the medroxyprogesterone group gained weight. Combining 
medroxyprogesterone and methylprednisolone resulted in the 
severest weight loss of 20% with a 60% mortality. 


ETARDATION of wound healing is just one of the many 
recognized deleterious effects of corticosteroids, Pre- 
vious workers have shown that cortisone decreases the 
tensile strength of healing wounds,*-*183° and as. well in- 
hibits contracture?1228 and delays epithelization. 12.29 
The purpose of these experiments is to compare the 
effects of cortisone acetate, methylprednisolone ( Solu- 
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Medrol), and medroxyprogesterone (Depo-Provera) on 
wound contracture and maturation, epithelization and 
general metabolism. 

In this study, wound healing may be defined as the 
healing of a surgically incised open wound by secondary 
intention, ie. by granulation and epithelization, the 
resulting decrease in wound size being referred to as 
contracture, Maturation is that period in wound healing 
after which the scar assumes its smallest dimensions and 
epithelization in our study was recorded as the time 
taken for complete epithelial coverage of the wound. 

Methylprednisolone sodium succinate (11B, 17, 21-tri- 
hydroxy-6e-methylpregna-1, 4-diene-3, 20-dione, 


prednisolone and has greater anti-inflammatory proper- 
ties though weaker electrolyte regulating ences than 
prednisolone.” 

Medroxyprogesterone acetate (17-hydroxy-6a — 
pregna-4-ene-3, 20-dione, 17 acetate) is a progestational 


agent having a steroid structure resembling cortisone and 


possessing some of the latter’s corticosteroid properties. 
Camanni et al., showed that medroxyprogesterone was 
capable of supporting life in five adrenalectomized fe- 
males, but was not effective if the ovaries were removed. 
Glenn et al., have shown in rats that medroxyproges- 
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2l-. 
sodium succinate) is essentially the 6a methylation of; : 


terone is a stronger adrenal suppressor than hydrocorti- 


sone. It has a proven glycogenic activity in rats® and 


humans, being reported to produce diabetes occasionally . 


when used as a contraceptive.” It has an anti-inflam- 
matory effect when injected locally into the croton oil 


induced granuloma of the hamster cheek pouch,® but has 
no effect when given systemically.® Its effect on metab- 


ie olism “Is difficult to interpret, some groups finding it 


“catabolic,” others anabolic.” 

7 ’ Medroxyprogesterone has been used in the treatment 
of carcinoma -of the uterus,’* breasts,2* and kidney,” in 
the tredtinént:of sexual precocity,® and as a contracep- 
tive 2227  Medkoxjiprogesterone has been shown to have 


ee immiinpslippréssive properties!® as it will suppress anti- 


body- response to bovine serum albumin” and it prolongs 
renal canine‘ ‘alld graft survival alone or in combination 
with: azathioprine, 15,16,25,26 


outs 
oe 


. — Page “Method and Materials 


a * ST welts young New Zealand white rabbits, 3-4.5 kg 
E “were divided into five groups of four rabbits each. Each 


_ group: had approximately the same average weight and 
a male to female ratio of 3 to 1. All were kept in individual 
“cages. and ‘fed Purina rabbit chow and water ad lib. 

Group. 1—4 rabbits served as controls and received 
no drugs. 

Group 2—4 rabbits were given cortisone acetate 6.25 
mgm/kg/day intramuscularly (i.m.). 

Group 3—4 rabbits were given methylprednisolone 
1 mgm/kg/day (i.m.). 

Group 4—4 rabbits were given medroxyprogesterone 
35 mgm/kg/day (i.m.). 

Group 5—4 rabbits were given methylprednisolone 
1 mgm/kg/day (im.) and medroxyprogesterone 35 
mgm/kg/day (i.m.). 

In accordance with a fairly well standardized pro- 
cedure,!*14.23 on day zero, the day of wounding, each 


Fic. 1. Squares were placed to 
be evenly distributed and to 
occupy a position midway be- 
tween scapula and pelvis. 
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rabbit was anesthetized with intravenous sodium pento- 
barbital. After the backs and flanks of the animals were 
shaved, four squares each measuring 2 X 2 cm were out- 
lined in ink on the exposed backs, two squares being 
located on each side of the midline (Fig. 1). The inked 
outlines were photographed and while the animals were 
still anesthetized, the squares of skin were removed ex- 
posing the panniculus carnosus’ and then the wounds 
were rephotographed. No ligatures were used. The only 
major deviations from the standard procedure were to 
commence drugs on the day prior to wounding, rather 
than the day of wounding, and to leave the wounds 
exposed during the entire experiment which : some in- 
vestigators have not done. 

Anesthesia was used each time the rabbits were — 
graphed to ensure there would be no change in skin 
tension from day to day which might affect wound size. 
The progress of wound contracture was recorded by 
photographs taken of all groups on days 3, 6, 10, 13, 17, 
20, 24, 27, and 31; while on day 38 only Group 1. and 
on days 34, 38, 41, 44, 48, 109, and 112 only Group III 
were photographed in order to document the maturation 
phase in these two groups. Weekly, each rabbit was 
weighed and daily drug dosages adjusted accordingly. 
All drugs were continued daily throughout the experi» 
ment with the exception of methylprednisolone in Group 
III which was stopped on day 48. 

All photographs were taken with a 35 mm Pentax 
Spotmatic camera using a closeup lens and Tri-X film. 
A frame attached to the camera maintained a constant 
focal distance of 26 cm from the wound to the film. A cm 
scale next to the wound further insured that all prints 
obtained would be of the same scale. 

Planimetry of the photographs was used to determine 
wound area which was then expressed as a percentage of 
the original inked outline. As each group of four rabbits 
had sixteen wounds, the recorded findings. were an 
average of these sixteen percentages. 

Complete epithelization was taken as the day on which 
the eschar was completely removed from the wound. As 
the eschar was loosened either by wound contracture or 
undergrowth of epithelium, it was debrided. 


Results 


The results are based on an experimental period of 31 
days with the exception of that part of the experiment 
concemed with maturation in which Group I was fol- 
lowed to day 38 and Group III to day 112. 


Wound Contracture 


The results are summarized in Fig. 2. 

Group I (Controls). After excision. of the wound, there 
was an immediate ‘retraction of the edges resulting in a 
46% increase in wound area. This early increase rapidly 
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DAYS AFTER WOUNDING 


Fic. 2. Graph comparing rate of wound contracture in the tive 
groups of rabbits. All steroid treated wounds have a prolonged 

tent phase and a decreased contraction when compared to con- 
trols. Cortisone treated wounds contract to only 59% of original 
size by day 31, whereas wounds treated with Bed oreda, 
imedroxyprogesterone, or a combination of both contract to approxi- 
mately 45% during the same interval, 


disappeared as the wound decreased in size to slightly 
less than normal by day 3. There followed a latent period 
up to day 6 before the actual contracture of the wourid 
occurred reaching a maximum of 22% of original size by 

day 17. 
= Group IT ( Cortisone). 1 There was a » marked prolonga- 
tion of the latent period up to day 13, more than double 
that of the control, The degree of contracture was signifi- 
cantly less than the controls through the period from day 
10 to day 31 and reached only 59% of the original wound 
area by day 31. Significance is recorded in the results 
when P < 0.05. 

Group III ( Methylprednisolone ), Group IV (Medroxy- 
progesterone). The findings were very similar in Groups 
III and IV, their curves on Fig. 2 being almost identical. 
There was a prolongation of the latent period in both 
groups to day 10 and both reached a maximum contrac- 
ture of 45% of original size by day 31. In Group III, the 
degree of contracture from days 13 to 31 was significantly 
different from controls, and days 10 to 31 was significant 
in Group IV. 


Group V (M ethylprednisolone and M edroxyprogester- 


one). Initially there was very little reduction in wound 
‘area until the end of the latent period on day 13. At this 
time, the wound was at 85% of the original area. The en- 
suing contracture was quite marked reaching an area of 
47% of the original size by day.31. Again the differences 


DAYS AFTER WOUNDING 


Fic. 3, Graph comparing wound contracture and. maturation in 
control and steroid treated wounds. Control wounds after a maxi- 
muni contracture to 22% of original area expand to 31% by day 38. 
In methyl prednisolone treated wounds no late wound expansion 
is seen even when the steroid is stopped at day 48 and the wounds 
are remeasured at day 109 and 112. 


were statistically significant from controls over the days 
10 to 31. 


Wound Maturation 


_ Group I (Control). (See Fig. 3). After a maximum con- 
tracture to 22% of original pre-wourid area by day 17, 
the area gradually increased to 31% by day 38. During the 


maximum contracture (day 17) the scars assumed a. 


stellate appearance (Fig. 4). By day 38 the arms of the 
stellate had considerably increased in length. The net 
effect was to increase the area of the scar only slightly 


(from 22% to 31%) while almost doubling the perimeter in - 


relation to its size on day 17. 


Group IIT (Methylprednisolone). After a maximum con. 


tracture to 43% of original area by day 34, the wounds 
treated with methylprednisolone showed no tendency 


ux 


DAY 0 DAY 17 DAY 38 


Fic. 4, Illustrates the typical ap- 
pearance of control and steroid 
treated wounds during the pe- 
riod of study. A. Wounds of 


B yf A ing maximum contraction, day 

17) assume a stellate appear- 

, DAYO DAY 34 wyna - ance which becomes more exag- 

gerated in the maturation pee B. In contrast methylprednisolone 

treated wounds both reach a lesser degree of wound contraction 

and even. when followed for 112 days have little tendency to 
mould into a stellate configuration. 


control (Group 1) animals dur- 


"DAYS TO COMPLETE EPITHEL IZATION 
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S.E. = STANDARD ERROR 


Fic, 5. ‘Average time to 
complete epithélization 
of 16 wounds in each 
group of rabbits. Only 
those wounds treated 
with cortisone acetate 
show ‘significant delay in 
epithelization. The figures 
at the top of each column 
represent 2 standard er- 
rors. abbr. methylprednis- 
olone, S.M. and med- 
roxyprogesterone, D.P.) 


CONTROLS METHYLPRE-NI SOLONE S.M 
GROUP | GRC JP III D. P. 
p GROUP V 
CORTISONE ACETATE MEDROXYPROGESTERONE 
GROUP |I GROUP IV 


towards expansion or increasing their perimeter 2ven 
when the animals were kept on methylprednisolor2 for 
48 days. In an effort to see if the lack of significant vound 
enlargement was due to the continued presen of 
methylprednisolone, the drug was discontinued anc after 
60 days the animals were re-photographed, on dex 109 
and 112. On day 109 the wound area was 38% «== the 


. original size and 42% on day 112, the scar at thi: time 


. 
~ 


a having a rudimentary semblance of a stellate conf-zura- 
fion with only minor increases in its perimeter wher com- 


pared to controls (Fig. 4B). 


Epithelization 
The results are summarized in Fig. 5. 
Epithelization in the control group was compEte in 


an average-of 20.5 days in the 16 wounds. Those aaimals 


on cortisone acetate were the only group shoveng a 
significant delay in epithelization, taking an a~srage 


. time of 25 days. Group II (methylprednisolone : took 





TABLE 1. Average Change in Weight From Day 0 to 31 x Each 
< Group of Four Rabbits 
. Group I Control 11% acrease 
Group IT Cortisone acetate 7% ».2crease 
Group III Methylprednisolone 4% -screase 
Group IV Medroxyprogesterone 7% _  acrease 
Group V Methylprednisolone 20% t2crease 
Medroxyprogesterone 





19.4 days, Group IV (medroxyprogesterone) took 21 
days and Group V took 19 days to complete. 


Metabolic Effects 


The results are summarized in Table 1. Only the control 
(Group I) and the animals on medroxyprogesterone 
showed weight gain over the 31 day period, all other 
groups losing weight. Group V on methylprednisolone 
and medroxyprogesterone had a 20% decrease in body 
weight (actually a 30% decrease when compared to con- 
trols) and showed rather marked side effects such as a 
very noticeable loss of muscle bulk, loss of hair, droopy 
ears and general emaciation. 

Mortality (Table 2). The results on wound contracture, 
maturation, and épithelization are based on 20 animals 
out of an original total of 25 rabbits. The four rabbits 
dying during the experiment were excluded from the re- 
sults. As there were five animals left in Group IV at the 
end of 31 days, it was necessary to exclude one rabbit 
at random to reduce the number in that group to four. 


TABLE 2. Mortality of 25 Rabbits. Over a Period of 31 Days 
Group I No deaths out of four animals 
Group II One death out of five 
Group III No deaths out of four 
Group IV One death out of six 
Group V Two deaths out of six 


In Group V,.two additional rabbits were dead by day 33 
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All deaths were attributable to pulmonary infections 
which seemed to be particularly prevalent in those groups 
losing weight, One wound infection occurred and that 


was in the animal which died in Group II. It is note- 


worthy to mention that two additional rabbits died. in 
Group V just following’ the conclusion of the experi- 


ment—giving this group a mortality of 66% by day 33. 


— 


Discussion 


Luccioli divides normal wound contracture into five 
phases" which are illustrated by the control group in Fig. 
2: ms 
Phase 1. Immediate retraction of the wound edge, 
probably caused by the inherent elasticity of the sur- 
rounding skin; : 

Phase 2. Early decrease, from % haur to day 3, possibly 
due to the dehydration of the eschar; 

Phase 3. A latent period, up to day 6; 

Phase 4. Actual contracture, day 6 to 17; and 

Phase 5. Scar maturation, from day 17 onward, the 
gradual expansion or moulding of the wound probably 
related to the pull of the surrounding tissue on the matur- 
ing scar: 

As a group, the steroids affect all five phases of wound 
contraction (Fig. 2). The immediate retraction is in- 
hibited, and the early decrease in wound size (Phase 2) 
is enhanced, The latent period is prolonged, and the 
phase of contracture is both prolonged and of less magni- 
tude when compared to controls. In Group III (methyl- 
prednisolone) there appears to be a loss of the normal 
scar maturation phase. This finding is probably typical 
for all corticosteroids as they appear to interrupt the 
abnormal maturation phase of keloid formation in hu- 
mans.!? The inhibition of the maturation phase appears 
to be irreversible, even when methylprednisolone was 
discontinued on day 48 in Group III, there was no ap- 
preciable increase in scar area by day 112 and only minor 
alterations in shape. 

Within the steroid group, two main patterns emerged 
(Fig. 2), that of medroxyprogesterone treated animals 
(Group IV) and that of cortisone treated animals (Group 
II). The wounds treated with medroxyprogesterone have 
a more marked early decrease (Phase 2), a shorter latent 
period (Phase 3), and a more marked scar contraction 
(Phase 4) than those wounds treated with cortisone. The 
medroxyprogesterone treated wounds show a statistically 
significant difference in contracture from the cortisone 
treat group (P < 0.05) during the days 10 to 24. 

Wounds in animals treated with methylprednisolone 
(Group IIT) responded so similarly to those treated with 
medroxyprogesterone (Group IV) that a common mecha- 
nism of action could be postulated, their graphs on Fig. 
1 are almost identical. Due to an increase variability of 


wound contracture within Group II animals, there was. 
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a | 
no significant difference (P < 0.05) when — E—— to 


cortisone treated animals of Group II. However, there. „aje a 


several findings to suggest that there is a significant “dif” 
ference between methylprednisolone and cortisone. ace- 
tate. 1) The dosages of methylprednisolone and cortisone . 


acetate are considered to be equivalent and yet in Fig: Lais 
their graphs are certainly not identical. (1 milligram of 2. 


methylprednisolone is the anti-inflammatory équivalent ` 
of 6.25 milligrams of cortisone acetate®) ; and 2) Cor- 


tisone acetate is the only steroid ín :this experiment , to 


significantly inhibit epithelization ‘of :wounds. e3 6. 
Group V (Methylprednisolone and Medroxypr ögester- l 


one). Initially wound healing is very retarded and’ this i in `», = 
some way may be related to the marked catabolic: effect a . 


of combining these two drugs. In Group: V, the early - 
decrease (Phase 2) and the latent period of wound: 
healing is prolonged to the same or greater .extent than . 
in the cortisone treated animals; 
contracture phase is much greater than in: the, cortisone — 
group. The final contracture at 31 days is within a few 
degrees of that found when methylprednisolone or. med- 
roxyprogesterone was used alone. The. inhibitory effects 
of two drugs have been added in Group V and yet re- 
sults in less wound contracture than found in cortisone 
treated wounds. This enhances the suggestion that either 
cortigone is a very much more potent inhibitor of wound 
contracture than either methylprednisolone or medroxy- 
progesterone, or that it has a slightly different mode of 
inhibition. 

It has been already established that cortisone inhibits 
contracture, epithelization, and tensile strength in healing 
wounds. Since medroxyprogesterone and methylpredniso- 
lone appear to have significantly less effect than cortisone 
on both contracture and epithelization, it seems reason- 
able to assume that they would also have less effect on 


the development of tensile strength. However, it must; : 


be borne in mind that contracture and tensile strength f 
are not exactly comparable processes as tensile strength 
over the first few weeks is proportional to the collagen 
content,}7 whereas normal contracture may occur in‘scor- 
butic wounds.?8 Epithelization seems to be relatéd more ` 
to the development of tensile strength as Vitamin A has. — 


the ability to reverse cortisone’s inhibitory effect on. . 


epithelization!? and the development of tensile strength®* _ 
but has no effect on cortisone’s inhibition of wound con- 
tracture.”8 

Though medroxyprogesterone has a similar action on 
the contracting wound as methylprednisolone in our ex- 
periment, it has no clear anabolic or catabolic effects. 
Cortisone and methylprednisolone cause a weight loss of 
7% and 4% respectively; those animals on medroxypro- 
gesterone gained 7% in comparison to a control group 
whose gain is 11%. The combination of methylpredniso- 
lone and medroxyprogesterone in Group V proved al- 


however, the. actual’ a 


—— 
* i + oe $ 
- 
s — 
* „sti 
- - i 
5 aro 
- S38 * raè 
ta p as ‘ 
tae — ` 


* 


—— — with a 20% weight loss. The ma-ked 


~ eatabolic: éffeét ‘of medroxyprogesterone when usel in 

< combination with a corticosteroid has been previcusly 
noted when’ it was-used with cortisone by Hulka.” This 

= finding may. be peculiar to rabbits as it has not >een 
“found, tò. be true: when medoxyproges? erone and pre- 
': © dnisone Were used.in combination in renal transolant 
l recipients (A. S. MacDonald, personal communicat-on ), 


Keloid or hypertrophic scar formation in man occurs 
3-5 weeks following wounding and is probably dre to 


— an⸗ abnormality of collagen metabolism in the macura- 


tigi phase of wound healing.!® Keloids are not known to 


— “dccur in animals and because of this, there is a lack of 


““experithenta evidence i in the treatment of this cond tion. 
- The finding that methylprednisolone appears to irhibit 
the’ maturation phase of wound healing in rabbits may 
< bé related to the ability of corticosteroids to inhibit keloid 
‘formation in humans, and an interesting experimsntal 


:< model ¢ould be employed to compare tke relative merits 


of the different steroids in the treatment of this condi- 
tion. With ‘reference to this paper, cortisone actate 
appears to inhibit all’ phases of wound contracture nore 
than methylprednisolone and this is probably trce in 
relation to its effect on the scar maturation pha e as 
well. | 

Corticosteroids probably inhibit wound healing pri- 
marily by delaying the migration,” multiplication,= and 
maturation of fibroblasts. 

Ehrlichë and Sandberg?! in experiments on colagen 
content and tensile strength of healing wounds have sug- 
gested that the inhibitory effect of corticosteroids cocurs 
primarily during the period of inflammation, ie. just 
following wounding. They measured collagen content 
and tensile strength of rat wounds at the end of one week 
which is probably too early to measure anything brt the 
processes which. have occurred during the inflammatory 
phase and thus their conclusions deal only with this 
Be McNamara?! followed his animals for six weeks 
<, and’showed that wounds in animals given steroids daring 
- the period of inflammation had normal tensile strength by 
‘this time. Stephens? similarly showed that steroids ziven 
after the completion of. the inflammatory phase caused 


= inhibition of wound contracture to almost as great an 
- extent as wounds treated with steroids during tke in- 


, flammatory phase. 

To say that corticosteroids inhibit — contrscture 
by: inhibiting inflammation is probably ‘a gross over 
‘simplication, of this process. In our experiment, altLough 
anti-infammatory equivalent dosages of methy-pred- 


nisolone and cortisone acetate were used, the Jatter 


showed: more inhibition of wound contracture which 
further suggests that steroid inhibition cannot ertirely 
be relegated to the initial inflammatory phases of wound 
— By slowing down the migration and multplica- 
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tion of fibroblasts into the wound area, corticosteroids 
probably prevent a significant number of fibroblasts 
from maturing to form collagen and thereby decreasing 
the tensile strength of the healing wound, while the 
actual inhibition of migration and multiplication of the 
fibroblasts is probably related more to the inhibition of 
wound contracture. However, much of this is still con- 
jecture, 


Conclusions 


Methylprednisolone, medroxyprogesterone and corti- 
sone, acetate all prolonged the latent period of wound 
healing and both prolonged and decreased the magni- 
tude of the phase of contracture: 

Methylprednisolone and medroxy progesterone inhibit 
wound healing less than cortisone acetate, though only in 
the medroxyprogesterone group of rabbits was this signifi- 
cant. This and the finding that cortisone acetate was the 
only steroid to inhibit epithelization suggests that the 
latter may have a — different or more — mode ` 
of action. 

Methylarédnisolone inhibited the maturation phase of 
wound healing and this has felt to be typical of most 
corticosteroids. 

Medroxyprogesterone in a dose of 35 mg/kg —— 
equivalent to 1 mg/kg of methylprednisolone in its effect 
on: wound healing except that it was not catabolic. This 
advantage may be outweighed by the necessity to give 
this drug by injection. The catabolic properties of methyl- 
prednisolone ‘were potentiated by the addition of med- 
roxyprogesterone and four out of six animals died in n the 
group which received this combination. 

The suggestion is made that the ‘inhibitory effects of . 
corticosteroids on wound healing cannot be entirely | based 
on their anti- inflammatory properties. 
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. Stephens, F., O, Dunphy, J. E., and Hunt, T. K.: Effects of — 


Thirty-tv -two o conditioned 15-18 kg dogs underwent laparotomy, 


: heparinization, left lateral hepatic lobe injury, and subsequent 
a partial left lateral-hepatic lobectomy. The hemostatic capabil- 


ities of the surgical scalpel combined with suture ligatures 
and stay sutures; the Boyie, and the CO, laser were compared. 
The CO#-lasér: ‘proved significantly more effective in achieving 
_ hemostasis both in comparison to the Bovie and the surgical 
scalpel- :ċömbined with classical methods. The postoperative 
` mortality utilizing the Bovie was 11%, the scalpel 30% and 
the laser 23%. Two of the three laser deaths were related 
to a bulky laser delivery system which can be redesigned. 
Postoperative laboratory evaluation revealed that SGOT, 
LDH, alkaline phosphatase, total protein, albumin and hemo- 
globin levels were altered in the postoperative period but 
returned to normal levels in uniform fashion in all groups. 
There was no statistical difference between various surgical 
modalities with regard to these parameters. The white blood 
count was significantly lower in laser dogs when compared 
to the other two groups. Other laboratory parameters were 
unchanged. Damage to liver tissue may be less extensive when 
the laser is utilized as opposed to the Bovie or stay suture 
methods of hemostasis and healing is equally good. The CO, 
laser is considered a valuable ancillary tool in hepatic resec- 


tion and clinical evaluation is warranted. 
2. Ac HEPATIC. INJuRY carries a high mortality. Edler? 

| in 1887 reported 540 cases of hepatic injury treated 
„without surgery with a resulting mortality of 66%. Despite 
attempted surgical repair, hepatic injuries also carried a 
66% mortality during World War I. The advent of anti- 


< biotic therapy, refined surgical management, and de- 


*>, creased time lag from injury to surgical exploration, re- 
duced the mortality of World War II hepatic injury to 
27%.8 More recently, hepatic injury has carried a 10-18% 
overall mortality with two basic injury groups being 
_identified; those with relatively minor trauma represented 
by the simple stab wound and those with severe blunt 
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trauma resulting in a crush injury. The mortality of the 
former is 3-4%, where the latter approaches 45%. In the 
crush injury, various treatment modalities have been, 
utilized often with a degree of futility. These have in- 
cluded gauze packs, simple wound closure, suture liga- 
tion of blood vessels and bile ducts, suture of hemostatic 
agents to the wound surface and biliary decompression. 
In the last ten years total anatomic hepatic lobectomy 
has become popular in the treatment of massive liver 
injury. Pinkerton reported a 23% mortality following 
anatomic hepatic lobectomy for both trauma and elective 
procedures.’ The incidence of major complications fol- 
lowing such surgery remains, however, at 50%. Clearly a 
better method for the treatment of hepatic trauma is 
needed. 

Since the first laser was produced in 1960, this concept 
of light energy has undergone rapid development. Today 
the CO; laser operating at a wave length of 10.6 microns 
can be used as a reliable cutting instrument, and can be 
delivered to an operative field in sterile fashion. Pre- 
liminary studies in our Laser Laboratory®*:?° and else- 
where*®.§ during the past three years indicate that this 
laser, used as a cutting instrument, has hemostatic qual- 
ities which shorten the time of hepatic surgery and de- 
crease morbidity and mortality. 

The recent clinical success of carbon dioxide laser 
excision of 25 acute burned patients followed by immedi- 
ate autografting has encouraged us to explore the use of 
this instrument to control hemorrhage in other lesions. We 
have started in the laboratory to establish the safety of 
this instrument to control oozing from the cut surface of 
the canine liver following partial lobectomy or debride- 
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nent of devitalized liver tissue. The marked variety of 
iver lesions that occur in traumatically injured patients 
nake a clinical comparitive study almost impossible, and 
equire the laboratory milieu to establish a standardized 
‘rush hepatic lesion. 


Equipment 


An experimental American Optical Corporation con- 
inuous wave surgical CO, laser with a manipulating 
wm capable of transmitting an 80 watt focused beam 
o the operative field was used. Surgical cutting was per- 
ormed using a beam focused to a diameter of 1 mm 
vith an output range of 45-80 watts (6-12 Kw/cm?). 
iurface coagulation was performed using an unfocused 
eam with a diameter of 10 mm at the same outputs (50- 
00 w/cm*). Delivery of the laser beam was controlled 
vith a foot switch and the output power was varied by 
neans of an autotransformer.” 


Methods 


Conditioned female dogs weighing 15-18 kg were 
nesthetized with intravenous pentobarbital 6.5 mg/kg 
nd ventilated with a Harvard respirator through an 
ndotracheal tube, Blood loss was replaced with Ringer’s 
yctate solution in the amount of 2 cc for each 1 ce blood 
ss and tetracycline 250 mg was administered intra- 
enously both during surgery and again on the first post- 
perative day. 

In all dogs, the left lateral hepatic lobe was crushed 
nd then excised to simulate the clinical situation of re- 
ected blunt trauma. The crush injury was made with the 
istrument shown in Fig. 1. Despite heparinization (100 


iG. 1. Instrument for 
eating hepatic injury. 
lades are 5 cm in length 
id were not sharpened. 
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u/kg) the crush injury alone was not a uniformly fatal 
injury. However, excision of the injured portion of the 
lobe without further hemostatic measures resulted in a 
100% mortality regardless of whether the laser, the Bovie, 
or the scalpel was used as the cutting instrument. 

The control group (I) was comprised of six dogs. Each 
dog underwent laparotomy through a right paramedian 
incision, was heparinized with 100 u/kg sodium heparin, 
and sustained a uniform crush injury to the left lateral 
hepatic lobe as described above. The scalpel, the Bovie, 
and the laser were each used to excise the injured portion 
of the left lateral hepatic lobe in two dogs. Immediately 
following such partial hepatic lobectomy the surgical in- 
cision was closed without effort at hemostasis. A 100% 
mortality occurred within 24 hours. 

Group II was comprised of ten dogs that underwent 
laparotomy through a right paramedian incision, The 
portal vein and hepatic artery were isolated and the dogs“ 
were given 100 u/kg sodium heparin. The left lateral 
hepatic lobe was injured as previously described and 
subsequently bleeding was allowed to occur for two 
minutes. Weighed dry sponges were used to absorb 
and measure the two-minute blood loss. The hepatic 
artery and portal vein were then occluded and the in- 
jured portion of the left lateral hepatic lobe excised with 
the cold knife, a #10 surgical scalpel blade. The afferent 
hepatic circulation was released and the blood loss over 
a second two-minute period measured. The afferent 
hepatic circulation was again occluded for five minutes 
during which time initial hemostasis was obtained uti- 
lizing individual suture ligation of hepatic vessels and 
larger more constricting stay sutures. After five minutes 
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COAGULATION TIME 
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Fic. 2. Coagulation time. 


the hepatic circulation was released to allow adequate 
portal venous return and restore hepatic circulation. Sub- 
sequently, placement of suture ligatures and stay sutures 
continued until complete hemostasis was obtained. Blood 
loss occurring during the entire period of hemostasis was 
measured as was the time (in seconds) required to 
achieve coagulation. No thermal coagulation in any form 
was used. 

Group III was comprised of nine dogs treated exactly 
as those in Group II except the Bovie was used both to 
excise the injured tissue and to coagulate small vessels and 
bile ducts. Suture ligation of blood vessels greater than 
1.5 mm in diameter was usually required. Stay sutures 
were not used. 

Group IV was comprised of 13 dogs treated exactly as 
those in Group III, except the Bovie was replaced by the 


_ carbon dioxide continuous wave laser. 


During the postoperative period all dogs were evalu- 
ated with respect to 20 laboratory parameters which 
included: WBC, HCT, HGB, partial thromboplastin 
time, three tube Lee White clotting time, fibrinogen, 
_ serum sodium, potassium, chloride, CO», glucose, BUN, 
calcium, phosphorus, total protein, albumin, total bili- 
rubin, SGOT, LDH and alkaline phosphatase. Clotting 
times were performed preoperatively, one hour post- 
operatively, and on the first postoperative day. Partial 
thromboplastin times and fibrinogen were drawn pre- 
operatively and on the first postoperative day only. All 
remaining laboratory studies were drawn preoperative, 
and on postoperative days, 1, 3, 7, 14, 21, 35, 42. and S4. 
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Each animal was explored between the 35th and 42nd 
postoperative day and re-explored on postoperative day 
84. At the initial surgery liver biopsies were taken for 
light and electron microscopy and such sections were 
repeated at each postoperative exploration. Aerobic and 
anaerobic cultures were taken of the resected liver tissue 
at the same times. Cultures were also obtained of all 
wound infections and liver abscesses when present. Ani- 
mals which did not survive the postoperative period were 
immediately autopsied and similar studies performed. 

Safety (plastic) glasses or personal prescription glasses 
were worn by all operative room personnel to protect 
against CO, laser beams. Regular operating room cloth- 
ing protected personnel against skin burns from non- 
focused beams. Rarely burns occurred from a focused 
CO. laser beam. These lesions simulated an electric Bovie 
burn and were treated similarly, A non-explosive an- 
esthetic is used in CO, laser surgery. 


Results 


The time taken to achieve hemostasis is seen in Fig. 2. 
Hemostasis in the laser and Bovie groups required an 
average of 12 and 13 minutes respectively. Hemostasis 
utilizing conventional (non-thermal) methods alone re- 
quired 25 minutes. This was significantly longer than the 
time required for the laser and Bovie groups (p < 0.005 
and p < 0.005 respectively ). There was no significant dif- 
ference in the time taken to achieve hemostasis in the 
laser and Bovie groups. 

Figure 3 shows the amount of blood loss for each 
experimental group during the four periods which it was 
measured. Blood loss due to the crush injury alone was 
minimal during the two-minute post injury period and 
was similar in all groups. Blood loss in the laser group 
was 11 ml, the Bovie group, 13 ml, and the scalpel group, 
18 ml. There was no statistical difference in these figures. 
The small quantity of blood loss indicates that the model 
was indeed a crush injury as opposed to one that cleanly 
lacerated those blood vessels involved, and that the in- 
jury in each group was approximately the same. 

Blood loss after excision of the injured portion of the 
left lateral hepatic lobe was 115 ml in the laser group 
compared to 202 ml in the Bovie group, 227 ml in the 
scalpel group. The laser, therefore, has significantly su- 
perior hemostatic qualities while cutting when compared 
to the Bovie (p < 0.025) and conventional knife methods 
(p < 0.001). 

Blood loss during the coagulation period is significantly 
greater in the scalpel group (142 ml) as compared to the 
laser group (49 ml) (p < 0.01), although statistical dif- 
ference between the scalpel and Bovie groups (82 ml) 
cannot be demonstrated. The additional time taken for 
hemostasis is a definite factor in explaining the increased 
blood loss when suture ligation methods are used ex- 
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clusively. A significant portion of the bleeding during this 
period is from persistent loss from blood vessels with an 


' internal diameter less than 1 mm. Vessels of this size are 


rapidly coagulated by both the Bovie and laser, however 
with non-thernial methods, this generalized ooze persists 
for the entire hemostatic period. 

The total operative blood loss with the laser (141 ml) 
is significantly less than the 353 ml of blood lost with the 


_ cold knife (p 0.001) and the 252 ml lost with the Bovie 


$ 


P values shown are cold 


(p< 0. 005). Statistical difference between the Bovie and 
cold knife groups was not demonstrated. 

When the various laboratory parameters are observed, 
difference between the groups become less clear cut. 
Clotting studies reveal that clotting time, fibrinogen 
levels, and partial thromboplastin times were normal and 
not significantly different between groups both in the 
preoperative and postoperative periods. The clotting time 
one hour postoperatively was greater than 60 minutes in 
all dogs, demonstrating that adequate surgical anti- 
coagulation had been achieved in all groups. The mean 
white blood count preoperatively for laser dogs was 
10,554, for Bovie dogs 10,450, and scalpel dogs 13,511. 
Postoperatively however, on day one the mean laser 
group white count was 23,062, whereas, in the Bovie 
and scalpel groups it was 33,257 and 31,511 respectively. 
These values are all statistically different than the re- 
spective preoperative levels (Fig. 4). The laser white 
count was, in addition, notably lower than that of the 
other two groups during the period from postoperative 
day one to postoperative day seven. Statistical difference 
was achieved only intermittently, however, (Fig. 4). 
When the laser and Bovie groups are compared p < 
0.025 on postoperative day one and three and when the 
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laser and scalpel groups are omaa p < 0.05. on’ nt day’ a 
seven. These results suggest that there is less tisstie dana... 


age and subsequent inflammatory response in the laser * 


treated animals than in the other two groups. This con- 


clusion although supported by our histologic studies is . 
very difficult to document in a more definitive fashion’ 
White blood counts in all groups returned to valties' hot R 


different from preoperative values by-day 14. ee 
Hemoglobin values (Fig. 5) dropped significantly. fxm 

preoperative values in all groups (laser p. <“ 0.01, Bovie 

p < 0.005, scalpel p < 0.001). The lowest values were 


achieved between the third and seventh postoperative 
day. There is no statistical difference, however, in the-de-*: 


creasé in hemoglobin when different groups aré. compared. #: 
during the postoperative period. Hemoglobin ‘retumed — 
to normal by the 14th postoperative day in the Bovie and `- 
laser groups and thé 21st postoperative day in the’ scalpel | 


oup. 


~ 


‘Alkaline phosphatase, total protein, serum ——— 2 


SGOT and LDH each changed significantly from, pre: . 
operative values in all dogs, but with the exception: Of > 
SGOT, no significant difference could be. demonsttated | 
between groups. SGOT was higher in the’ Bovié:group 


than the laser group throughout the postoperative period 
and a p < 0.05 was achieved on the third postoperative 
day. This relationship did not hold for other enzymes 
studies, however, and to attach clinical significance to the 
finding is unwarranted. The decrease in albumin and total 
protein reflect the hemodilution which results from blood 
loss replacement with Ringer’s lactate in a 2:1 ratio. Laser 
dogs which had the least blood loss and, therefore, the 
least replacement fluid show no change in total protein 
levels and a rather minimal change in albumin. All of 
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SIGNIFICANT DIFFERANCE OF WHITE BLOOD 


COUNT OF THE DIFFERENT MODALITIES 
DURING POST-OPERATIVE COURSE 
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these changes are transient with the alkaline phosphatase 
returning to normal on postoperative days 14-21, total 
protein on postoperative days 7-14, albumin on post- 
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FROM PRE-OPERATIVE LEVELS 
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“Fic. 5. Comparison of postoperative hemoglobin levels. P values 
represent significant change from preoperative levels. There is no 
significant difference between groups. 
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operative days 7-21, SGOT uniformly on postoperative 
day seven and LDH on postoperative days 21-35. Sodium 
and potassium showed a slight decrease on the first. post- 
operative day and then increased to greater than pre- 
operative values after approximately one week as edema 
fluid was excreted and blood breakdown products were 
absorbed. Values for these parameters at all times stayed 
within normal range. Total bilirubin, serum chloride, CO% 
and glucose and BUN did not change significantly in the 
postoperative period and were at all times within normal 
range. 

All surviving animals were re-explored between the 
fourth and sixth postoperative weeks. At re-exploration 
little was found to differentiate the experimental groups, 
with the exception that laser and Bovie dogs had more 
intraperitoneal adhesions than those dogs in the scalpel 
group. A small intraperitoneal abscess was found in a 
single dog in each the Bovie and scalpel groups, how- 
ever, the abscess did not cause mortality nor did it cause 
laboratory parameters to be different from other animals 
in the group. 

Bacteriological studies revealed that approximately fifty 
percent of the animals in each group had positive liver 
tissue culture growth at the time of the initial surgery. 
The predominate organisms were Staphylococcus aureus, 
alpha Streptococcus and Clostridial species. The inci- 
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dence of positive liver culture growth increased at the 
first re-exploration to 12/13, 5/9 and 9/10 positive culture 
growth in the laser, Bovie and scalpel groups respectively. 
. Clostridial species, Staphylococcus aureus and | non- 
hemolytic (pyogenic) Streptococcus were the most com- 
mon organisms: No significant difference between groups 
could be noted. All animals dying of infection revealed a 
crepitant liver and cultures demonstrated mixed orga- 
nisms with Staphylococcus aureus and Clostridial species 
being uniformly present. 

Histological examination revealed that liver tissue in- 
cised and removed with the CO, laser and the Bovie 
could not be differentiated, although both were easily 
differentiated from tissue incised with the scalpel. Liver 
tissue incised with the laser and Bovie demonstrated 
four specific histologic layers. The first or closest to the 
thermal source was a layer of coagulation necrosis 50 p 
thick. The second layer was 200-300 p thick and con- 
tained grossly disrupted cellular architecture with in- 
termingled steam bubbles. The third layer was composed 
of intact but apparently non-viable cells with homogenous 
degranulated cytoplasm and was 200-500 x in thickness. 
The fourth layer contained normal liver tissue. Electron 
microscopic sections revealed no difference in the effect of 
‘the Bovie and CO» laser on cellular ultrastructure. By 
contrast, liver incised with a scalpel contained a 50 p 
thick area of cellular disruption without evidence of 
steam bubbles, coagulation necrosis or other damage to 
‘underlying tissue. =~ 

It should be noted that this histologic appearance does 
not change after thermal coagulation has taken place, 
however the depth of injury does increase. Sections taken 
from healing liver at four weeks in laser and Bovie dogs 


- confirm.this, and demonstrate residual non-viable liver 


tissue to be 2 mm and 3.5 mm in average thickness in 
laser and Bovie dogs respectively. 

Examination of the 30-day postoperative mortality (Ta- 
ble 1) reveals an 11% mortality in the Bovie group (1 of 
9), a 23% mortality in the laser group (3 of 13), and a 
30% mortality in the scalpel group (3 of 10). One dog died 
of infection in each of the laser and Bovie groups and two 
dogs died of infection in the scalpel group. In addition, 
one scalpel dog died because of postoperative hemorrhage 
from the hepatic resection site on the first postoperative 
day. Of note are two laser dogs which died in the early 
postoperative period of hemorrhage from liver lacerations 
on the diaphragmatic liver surface not related to -the 
operative site. These were not recognized at the time of 
surgery. These injuries result from difficulty in manipulat- 
ing a still somewhat cumbersome CO; laser delivery arm. 
Efforts were made, therefore, through increased traction 
and division of the triangular ligament to deliver the liver 
into the operative field (to meet the laser) with resulting 
unrecognized injuries to the liver. We feel that such 
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*Postoperative bleeding from the liver at a. site distant from. the 
site of hepatic resection. ae ete oer ee 


mechanical problems are overcome.’ eby. ‘the. ‘new. laser 
instruments appearing for clinical use which j permit more: 
flexibility in the delivery system. TE ae 


Discussion ``." 


Surgical incision performed with the CO}. — is . 
achieved by total absorption of the-beam within 200 ma — 
of the liver surface. This absorbed energy is converted. 
into heat which causes vaporization of the. tissue expoted, 3 

to the focused beam, Temperatures: achieved in the zéne:. 
of incision in soft tissue are not much in exeess of 100, ce 


and, because of poor conduction, the. heat'is is primarily dis- + l 


sipated by vaporization of cellular water.: The tempera⸗ 


ture rise in surrounding tissue is therefore quite: limited, E 


and amounts to only 15 C for a period of 2-3 seconds at 
a point 2 mm from the line of incision.’ This is well 
within the limits of cell viability and is confirmed by our 
histclogic sections. 

The hemostatic qualities of the laser relate to the thin 
dry coagulum which is formed on the cut surface of the 
liver as well as protein denaturation in the liver par- 
enchyma itself. In the case of the CO; laser this layer of 
coagulation necrosis is only 0.05 mm thick. The hemo- 
static strength of this coagulum depends on a firm under- 
lying tissue stroma making the liver an ideal organ for 
such support. In liver as well as in striated muscle and 


kidney, vessels up to 1.5 mm internal diameter are well 


controlled by simple defocused CO, laser coagulation. 
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TABLE 1. 30-Day Postoperative Deaths =: ` Eo 
— T S 
Laser Bovie “Scalpel cas 
Deaths 3/13 1/9 — 3/10; l : 
Hemorrhage es eee 
Unrelated Hemorrhage* 2... F a ee 
Infection 1 a eg 2 


Other laser wavelengths, specifically that the YAG laser. .. 


at 1.06 p are being evaluated as to their surgical potential ` 


and have been demonstrated to coagulate vessels of larger 


diameter (3-4 mm) chiefly by deeper penetration of tis- `: 


sue and increased thickness in the layer of cellular: dista 


ruption and protein denaturation. Such deeper penetra 


tion will, however, leave additional necrotic tissue to be 2 


cleared in the postoperative period and, therefore;, the. 23: 
potential for postoperative infection may be increased. “n 


The problem is currently under study. 


Suture ligation of blood vessels in small animals such 


as the rat has not been required, but was found necessary 
with the CO, laser in 16 kg dogs. Ligation of vessels with 
chromic gut and use of the CO, laser were compatable 
procedures. Since vessel lumens of the human liver are 
relatively larger than the canine liver more individual 
ligation of bleeding points per square area will be re- 
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quiréa Hora, in severe liver injury, a generalized 


“ooze frequently: persists from capillaries of the hepatic 


parenchyma in such a fashion that individual suture 


~ ligation of- bleeding points is not practical and, in fact, 


`< : ineffective. The great capability for hemocoagulation in 
— the dog required anitcoagulation with heparin to produce 

=: a pniformly fatal injury. The heparinized dog model is 
ssimilar to human liver surgery where coagulopathies are 
commonly noted because of massive blood Joss and re- 


placement. In addition, the human patient is frequently 
heparinized as part of the technique of transatrial vena 
caval cannulation when the vena cava is disrupted as part 


- “of the liver injury. Uncontrollable’ parenchymal hemor- 


. — g 


rhage (from vessels less than 1.5 ml in diameter) is com- 


uk mon in these circumstances and this study confirms that 
A the Jaser is effective in controlling such bleeding. 


‘We feel that partial hepatic lobectomy may now be 
utilized to resect smaller areas of injury which are cur- 


ii stently,- ‘simply ` oversewn leaving behind quantities of 
necrotio tissue. Larger but still partial hepatic lobectomies 
“may be ‘utilized to replace the anatomic total hepatic 

‘lobectomy with decreased operative time and blood loss 


when conventional and laser methods are permitted to 
‘complement one another. It is also recognized that con- 
ventional and anatomic total hepatic lobectomy as it is 
currently practiced will continue to be required in certain 
extreme clinical situations. The laser is useful in this type 
of hepatic surgery, however, by controlling persistent 
parenchymal blood loss. In addition, the laser when used 
in any of these clinical situations will decrease biliary 
drainage and residual necrotic tissue thereby reducing 


the two Iéading causes of postoperative infection. The 


time necessary for hepatic surgery will be reduced ‘as 
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well as the quantity of transfusion required. This should 
have significant effect on. reducing potoperntve pul- 
monary complications. 

‘We are currently utilizing the CO, laser in controlled - 
operating room situations for primary excision of third 
degree | burns with immediate autografting. To date, the 
results have been encouraging. We anticipate utilizing 
the CO; laser in the clinical treatment of liver trauma in 
the near future. 
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Carcinoembryonic Antigen and Prognosis 


One-hundred and fifty patients with non-metastatic colo-rectal 
cancer were followed for a period of 24 to 36 months post- 
operatively. Preoperative CEA values have been shown to 
correlate with the extent of the disease and the patient’s 
prognosis. The prognosis for recurrences is greater in patients 
with elevated pre-operative CEA values regardless of the 
stage of their disease. This tendency to have recurrences is 
1.8 times higher in individuals with increased pre-operative 
CEA levels. This same relationship occurs to a greater or 
lesser extent at each stage of the disease. 


ARCINOEMBRYONIC ANTIGEN (CEA) was first defined 

by Gold and Freedman as a tumor specific antigen 
found in entodermally derived neoplasms of the gastro- 
intestinal tract.°?° Thomson developed a radioimmuno- 
assay to detect CEA in patient’s serum.”® Initial results 
indicated that this assay method would provide an easy 
serological test for the diagnosis of colo-rectal neoplasms 
and stimulated an enormous amount of research in this 


area. Results of studies by other investigators differed 


considerably from Thomson’s study and indicated that 
the cancer specificity of CEA was open to question. 
_ 14,17-20,26 Tt has been well established by several labora- 
tories that a quantitative, rather than a qualitative, dif- 
ference in CEA exists between normal colon and colonic 
cancer.” 321,24 Elevated CEA levels have also been found 
in the sera of patients with a wide variety of benign dis- 
eases,*:14:17,26.28 This lack of tumor specificity has now 
been documented by Gold’s laboratory.*® It is apparent 
that the clinical status of the patient be known before 
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interpreting the significance of elevated’ serum CEA 
values. 
The radioimmunoassay for CEA appears is je of 
limited value for the primary detection of colo-rectal 
cancer since many patients with early neoplasms have 
CEA values in the normal range.!®14:22,25 Reports from 
several investigators have shown that only 18-30% of pa- 
tients with Dukes stage A lesions have increased levels of 
CEA and that some patients with metastatic disease have 
normal CEA values.}*-*2:25 It has been suggested, how- 
ever, that CEA determinations may be of value in tollow- 
ing patients in the post-operative period to detect re- 
currences.*° This study was undertaken to determine if 
correlation exists between the preoperative CEA level 
and recurrences after “curative” colon resection. 
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Materials and Methods 


A total of 150 patients with colo-rectal lesions, wie’ iaa l 
been followed for a period of 24-36 months after initial.. 
surgery, were selected. Only those patients who under⸗ 
wert curative resections were included, Those individuals: 
without clinical or laboratory evidence of metastatic dis- 
ease were staged according to the Dukes classification 
system. Patients were considered to have recurrences on - 
the basis of clinical, X-ray and laboratory data and ‘not : 
all patients had biopsy proven recurrences. It was riot 
feasible or in the patient’s interest to document all re- 
currences by biopsy. 

The CEA levels were determined as previously de- 
scribed.2°27 The standards were slightly different from 
those employed by most investigators. Using the cur- 
rent standards provided by Hoffman-LaRoche (Nutley, 
New Jersey) levels greater than 4.0 nanograms were con- 
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ac a Dukes Stage* 
Chiat Level - 
“‘(Nanograms/ml) A B C 
r7 0:0-4.0 ‘ 21 36 26 
«+ &.0-10.0 3 12 13 
10.020.0 9 19 
— Greater than 20 0 4 6 


* Number of patients without known metastasis. 


‘sideted o ART These standards vary somewhat from 
our: “standards ; on earlier studies and our previous pub- 
lished valué of 2. 5 ng corresponds to 4.0 ng using HLR 
a _-staridards. All plasma CEA determinations were done 
“in the immediate preoperative period. ABO blood group 


determinations were carried out by our blood bank. 


Results 


’ 
-= Yə 
tate A 


Onechundred and fifty patients with non-metastatic 

— ‘carcinoma were followed for a period of 24-36 
months. after non-palliative colon resection. Forty-four 
per cent of all patients had elevated levels of CEA during 
` the preoperative period. Elevated levels of CEA were 
‘found in 4 of 25 patients with Dukes stage A lesions, 25 
of 61 patients with stage B lesions and 39 of 64 patients 
with stage C disease (Table 1). In general, increased pre- 
operative CEA levels were associated with a poorer prog- 
nosis (Table 2). Fifty-seven per cent of those patients 
who died or were alive with disease had increased CEA 
values. In comparison, only 32% of those alive and well 
had elevated CEA values. This association between in- 
creased preoperative CEA levels and poorer prognosis 
extends through all stages of the disease (Table 2). Three 
of five patients with stage A disease who died or were 
alive with disease had high plasma CEA values. Of the 
` 20 remaining patients with stage A lesions who were 
‘alive: and well, only one had a CEA elevation. In pa- 
tients with stage B disease 53% of those who died or were 
„alive with disease had high plasma CEA values, whereas 
l only 36% of those alive and well had similar CEA eleva- 
. tions. Of 44 patients with stage C disease who died or 
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TABLE 3. 





% with Increased 


Dukes Stage* Number Dead CEA Levelst 
A 3 66% 
B 13. 30% 
C 31 . 56% 


* Without known metastases. 
ł Greater than 4.0 nanograms using Hoffman-LaRoche standards 
(2. 5 using our previous standards). 


had recurrences, 70% were associated with increased CEA 
values compared to 40% of those who were alive and well. 
The same relationship is seen between prognosis and 
pre-operative CEA levels if only those who died were 
considered, except in stage B lesions (Table 3). Sixty-six 
per cent of patients with stage A lesions and 56% of those 
with stage C lesions who died had high CEA levels. Only 
30% of those with stage B lesions who died had elevated 
CEA levels. The reason for this is unclear but may be 
because of the large number alive with recurrences. 

Data on blood groups were compiled for all patients 
studied. There was no correlation of CEA levels with 
blood type or survival. This data is not charted. 


Discussion 


The elimination from the series of patients with 
metastases accounts for the large proportion of patients 
with stage A and B disease since metastases were most 
often found in those with Dukes C lesions. Exclusion of 
patients with metastases also accounts for the low per- 
centage of CEA elevations found in the group as a whole. 
The correlation between an increased number of CEA 
elevations with the extent of the disease is in agreement 
with our previous results and those of ‘others.’?*#-25 The 
small percentage of positive results in patients with stage 
A disease has been a consistent finding of several studies 
and indicates that this assay would be of limited value 
as a screening procedure. There are several studies, how- 
ever, that suggest that CEA determinations would be 
of value in following patients during the ee 
period to detect recurrences.*° 


- TABLE 2. 
; a ie o % with Number Dead or % with % with 

. : — = Number of Increased f Alive with Increasedt | Number Alive & Increasedf 
a Dukes Stage* Patients CEA Values Disease CEA Levels Well CEA Levels 

| A 25 16% 5 60% 20 5% 

B _ , 61 41% 19 53% 42 36% 

C 64 66% 44 70% 20 40% 

All Stages 150 44%, 68 57% 82. 32% 


* Without known metastasis. 


7 Greater than 4.0 using Hoffman-LaRoche standard. All CEA determinations were done preoperatively. 
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This study provides evidence that CEA determinations 
are of value in ascertaining prognosis since recurrences 
have a tendency to appear in patients with high pre- 
operative CEA values. The chance of developing a re- 
currence or dying in a three-year period is almost twice 
as high (1.8:1) in those with elevated preoperative CEA 
= values. It would be tempting to attribute this effect to a 

. specific cell mediated immunological tolerance induced 
by CEA. This, however, is not supported by several 
studies which show that CEA has no effect on in vitro 
lymphocyte blastogenesis.!® CEA could interfere with the 
humoral antibody response by acting as an antibody sink, 
as suggested by Gold.” Antibodies against CEA have 
been demonstrated by Gold and other members of his 
group.®:11 Attempts by other groups to demonstrate anti- 
bodies using Gold’s method as well as other investiga- 
tors have been unsuccessful.516 Since CEA occurs in 
norma! tissues it is difficult to conceive of autoantibodies 
being induced in a large percentage of patients without 
affecting normal tissues. Our current belief, and that of 
others, is that CEA has little or no effect on the immuno- 
logical response of the patient.? 

In view of our findings it seems reasonable to postulate 


that high CEA levels might be associated with undif- - 


ferentiated colon carcinomas. Correlation of plasma CEA 
levels with degree of tumor differentiation have not been 
carried out but results on tissue studies are available. 
Martin and Martin could not demonstrate any correlation 
between tumor differentiation and levels of CEA on 
the basis of extraction procedures.” Recent data based 
on immunofluorescent studies have shown that the 
highest levels of CEA appear to be present in well dif- 
ferentiated tumors. These reports are somewhat con- 
flicting and conclusions regarding CEA levels in plasma 
from patients with varying degrees of tumor differentia- 
tion will require further study. 

CEA is a glycoprotein and is present on the cell sur- 
face. It has been postulated by Apffel and Peters that 
such a substance may mask tumor specific antigens and 
therefore protect them from the host’s immunologic de- 
fenses.1 Although at present there does not appear to 
be any clear reason for our findings, we favor their hy- 
pothesis. Attempts are under way to elucidate the 
mechanism involved. 
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Management of Umbilical Hernias Associated with Hepatic. 


A series of 35 umbilical herniorraphies in patients with 
cirrhosis of the liver is reported. In this group there were eight 
significant complications (22%) and six deaths (16%). There was 
no evidence in this study of increased likelihood of esophageal 
variceal bleeding secondary to the interruption of por- 
tosystemic collaterals in the umbilical region. An aggressive 
surgical approach is indicated in cirrhotic patients, with um- 
bilical herniae complicated by incarceration, strangulation, 
fupture, ulceration, and leakage of ascitic fluid. On the other 
hand it is recommended, that repair of non- -complicated um- 
bilical herniae be delayed. until the cirrhosis is stabilized, 
ascites has diminished and nutrition has been improved. In 
many instances herniorrhaphy may not be necessary after dis- 
appearance of ascites. 


MBILICAL HERNIORRHAPHY in the good risk patient is a 
U relatively simple operation with low morbidity and 
mortality. Umbilical herniorrhaphy in an advanced cirrhotic 
presents an operative risk of much greater magnitude and 
may pose a considerable technical problem when com- 
plicated by leakage of ‘ascitic fluid, necrosis of the ab- 
dominal wall with ulceration, infection, rupture, or 
strangulation. (Fig. 1). Furthermore interruption of large 
portal-systemic collateral veins located in the region of the 
umbilicus may present a challenge to the surgeon and may 
deprive the patient of an important avenue of portal de- 
compression.: Because of the limited. number of reports on 
umbilical herniorraphy in cirrhotic patients and the rel- 
ative frequency of the problem, it seemed desirable to 
review. 35 patients with cirrhosis of the liver who required 
umbilical herniorrhaphy in this hospital. 


Material and Method 


The patients were all males ranging in age from 35 to 76 
years with an average age of 53 years. The umbilical her- 
nia had been present for many months (average 15.4 
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months). The signs of cirrhosis are listed in Table È It is 
noteworthy that 27 (77%) had moderate to massive ascites. 


The indications for surgery in these patients are shown in l 


Table 2. In some instances there were multiple reasons for 
surgery, the chief of which is listed in the table. Seven 
patients required emergency surgery within one to..six 
hours; nine required urgent surgery within 24 hours; and 
in the remaining 19 patients the procedure was done elec- . 
tively. 

Anesthesia was varied; cyclopropane was employed in 11 
patients, halothane in six, nitrous oxide in seven, spinal in 
nine and local anesthesia in two. Anesthesia was ad- 
ministered with caré to achieve the minimal. acepta, needed 
for abdaminal relaxation. - 

Surgical repair’, consisted: of transverse imbrication of 
fascial layers in 28 patients as’ ‘originally described by W: J. ` 
Mayo.‘ Linear imbrication was’ ‘used in one patient and 
transverse approximating closure’ was used in six patients. © 
The most common ‘technique’ 'coñsisted of a transverse 
elliptical incision which was: made around the umbilicus 
and hernia encompassing points: of perforation and 


necrotic or inflammed skin. The’ surface of the anterior. - 


fascia was dissected free for a distance of approximately 1% 
inches surrounding the hernial sac drid- defect. The sac was 


opened, the contents reduced, and the: redundant portion. ` 


of the sac was excised. The peritoneium. was closed with a. 


continuous suture of catgut. Interrupted? mattress sutures - 


of non-absorbable suture material weré’ then placed 
through the fascial layer one inch above the margin of the. 
upper flap to the edge of the lower flap in a vest-over pants * 
manner. The free edge of the upper flap was then sutured — 
to the surface of the aponeurosis below. Simple merupa 
closure of the skin completed the operation (Fig. 2). 





e 





Fic. 1 Preoperative photo of cirrhotic patient with complicated umbilical 
hernia. Note marked protrusion and ulceration 


Results 


In 27 cases surgery was tolerated well, but in eight cases 
(23%) there were major complications of which six were 
fatal 


superficial wound infection, wound seroma, and wound 


The minor complications (three) consisted of a 


hematoma. All responded to local treatment. Two of the 
major complications were gastrointestinal hemorrhage oc- 
curring two and four weeks following surgery. The first oc- 

















ane l. Signs and Pertinent Laboratory Values in 35 Cases of 
Cirrhosis 
Number Per cent 
Hepatomegals 32 91 
Edema 98 80 
Ascites 27 77 
Vascular spiders 29 71 
Collateral abdominal veins 24 69 
Esophageal varices 19 s4 
Splenomegal |] 3] 
S bilirubin 13 me" | 60 
S. albumin < 3.0 gm“ 19 34 
Increased Proth. time” 20 57 





* Prothrombin time greater than 2 seconds over control values or less 
than 70% of controls 





Taste 2. Indications for Umbilical Herniorrhaphy in 35 Cases 
Spontaneous rupture 3 
Leakage 3 
Ulcerated skin with impending rupture 7 
Incarceration LO 
Incarceration with strangulation 3 
Abdominal discomfort or pain y 

5 





O'HARA AND OTHERS \nn 


Surg © January 1975 





— a5 | 


Fic, 2. Postoperative appearance of herniorrhaphy in Fig. | 





curred in a patient known to have esophogeal varices. The 
second occurred in a patient with varices who was dis- 
charged two weeks postoperatively and returned to the 
hospital with a bleeding episode one month following her- 
niorrhaphy. In both patients hematemesis was controlled 
by transfusing one litre of blood. No further treatment was, 
necessary, 

The immediate deaths (six) occurred from one to nine 
weeks postoperatively (Table 3). Three patients died as a 
result of staphylococcal peritonitis, These patients were 
operated on an emergency basis because of intestinal 
obstruction. two of which had strangulated smal] bowel 
requiring resection. Multiple paracentesis was carried out 
preoperatively in one of these patients because of massive 
ascites and this resulted in contamination of the ascitic 
fluid. The second patient required multiple paracente-sis 
and thoracentesis after operation of massive reaccumula- 
tion of fluid. At the time of death the ascitic fluid cultured 
staph aureus, coag. +. The third patient was encephalo- 
pathic with signs of hepatic coma prior to operation. The op- 
eration was carried out under local anesthesia. The repair was 


Taste 3. Major Postoperative Complications 


— — — —— — ———— — — — — — — — —— 


Surgical Indication Postoperative (Course 








Hematemesis 2 wks. postop. Recovery after 


l. Pain 

transtusion (1 L) 
2 Ulceration Hematemesis 4 wks. postop. Recovery after 
transfusion (1 L) 


}. Incarceration Sudden death in 1 wk. (unexplained) 


| eakage 
{ Stranvulation Death in 2 wks Staph peritonitis 
5. Intestinal Death in 6 wks. Staph. peritonitis 


obstruction 
6. Strangulation Death in 6 wks. Staph. peritonitis 
Ulceration, Impend- Death in 9 wks Hepatorenal failure 
ing Rupture 
§ Ulceration. Impend- Death in 9 wks Hepatorenal failure 
ing Rupture 








-Vok 181 * No. 1] 


a single layer transverse closure which leaked ascitic fuid and 
was associated with the development of generalized peritoni- 
tis and hepatic coma. The fourth patient had spontaneous 
rupture of the hernia with extrusion of the omentum. 
Uneventful repair was followed by sudden unexplained 
death on the seventh postoperative day. The last two 
patients were operated upon because of ulceration of the 
skin with impending rupture. Both died nine weeks follow- 
ing operation from hepatorenal failure. 


Discussion 


Cirrhosis of the liver predisposes to abdominal hernia, 
particularly when the disease is complicated by ascites. 
Chapman, Snell and Rowntree*® observed that in patients 
with cirrhosis 6 of 58 without ascites had abdominal her- 
niae whereas 47 of 112 patients with ascites had abdominal 
herniae. Umbilical hernia was the most frequent tvpe, ac- 
counting for 24 of the 47 cases. 

Umbilical herniorrhaphy in the ——— patient is 
associated with significant morbidity and mortality. In this 
series of 35 patients there were six deaths (16%) and eight 
major complications (22%) in the immediate post operative 
period. This is in contrast to the report by Yonemoto and 
Davidson® who described a series of nine cirrhotic patients 
jindergoing umbilical herniorrhaphy. Their patients had 
advanced cirrhosis with ascites. Five had preoperative 
complications, namely, incarceration in three, strangula- 
tion in one, and leakage in one. Except for wound infec- 
tion in one patient there were no postoperative complica- 
tions and no deaths. These patients had been hospitalized 
for months prior to surgery during which time they 
received optimal nutrition, and their ascites had decreased 
or disappeared following a low sodium diet. They had 
been rehabilitated to a considerable degree. In our series 
19 patients (54%) were hospitalized less than one month 
before surgery, and 14 patients for less than one week. In 
three of six cases with fatal post operative course the 
period ranged from 1 to 12 days. It seems apparent that 
the patients described in this report were more vulnerable. 

In 1960 Baron! reported findings on 16 patients with ad- 
vanced cirrhosis subjected to umbilical herniorrhaphy. He 
compared these to a control series of 27 non-cirrhotics with 


UMBILICAL HERNIAS 


umbilical herniorrhaphy. The single death in h CORE™ 
group was an 83-year-old woman who died from shock: 
postoperatively. In the 16 patients with cirrhosis eo 
were five deaths (31%) all due to bleeding. esophageal. ` 
varices in the immediate postoperative period. (Four died 
within 11 days and one 24 days after operation): : Baron 


suggested that portosystemic collateral may have “been ~ 


compromised during the operative procedure witha Fesul- 
tant increase in blood flow in the coronary esophageal cir- 
cuit. Bleeding esophageal varices immediately. following: 


herniorrhaphy were not a common feature of ‘our-series or ` 
the series reported by Yonemoto and Davidson.’ We are at- J 


a loss to explain this high incidence of post herniorrhaphy 
variceal bleeding in Baron’s series. 
Spinal or local anesthesia were snploved in eight of”. 


nine cases described by Yonemoto and Davidson, in 9 of 16. * 


cases reported by Baron, and in 11 of 35 cases in our- study. _ 


The remainder received chiefly cyclopropane and in a ` 


lesser number, halothane. Comparison of-the three seriés * 
reveals no significant differences in patient material, ‘in in- 
dications for surgery, anesthesia, or operative procedures. 
It seems likely that the favorable results- reported - — 
Yonemoto and Davidson are attributable chiefly.-to the ~ 


long preoperative period which provided time for stabiliza- ` 


tion of patients with limited hepatic reserves. 

Most patients with umbilical hernia secondary to 
cirrhosis do not require surgery. With subsidence of ascites 
and with clinical improvement the hernia reduces itself 
and remains only a flabby tab of tissue. 
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Management of Ileal Perforation 


The results: of the hiral danaren of 161. cases ct ileal 


*: penfonation due to typhoid fever are presented. Most were 
‘seen after an illness of 2—4 weeks, and because of deHys in 


seeking | hospital admission, more than half were explored 
more than 24 hours. after their perforation occurred. mll pa- 
tients. -were prepared for operation with nasogastric, suction, 


É -intravénous fluids, and antibiotics. At laparotomy, 80% had 


considerable quantities of pus and small bowel contents in 
the- peritoneal cavity and the remainder had localized ab- 
scessés; there were no instances of localization of tke per- 
foration. One hundred three of: these patients und2rwent 
simple closure of their perforations, while 43 underwer= small 
bowel resection, iisually because of multiple. perforations. 
Exteriorization or: drainage were performed only in patients 
too sick to tolerate a. more appropriate procedure. Th= over- 
all mortality was 9.9%.. The authors believe that &phoid 
perforations can best be dealt with at operation. Delay in 
operative intervention adversely. affects the survival ra-e after 
surgery. Chloramphenicol is used as the drug of chcice. 


An uncommon in the United States anc West- 


“ern Europe, typhoid fever remains common in 


i -many parts of the Orient. The introduction of cEloram- 


phenicol provided effective therapy for typhoid fever, 


and has markedly lowered the mortality of the disease, 
as ‘well. ds the mortality of perforation, which was once 
thought to be almost universally fatal; it has not altered 
thé incidence of perforation, which remains at about 
3%1'5,11 nor has it eliminated the relapse rate, wiih may 


imn fact. be slightly higher in patients treated wit’ chlor- 


-~ ‘amphenicol. 
... In parts of Asia, typhoid perforation of the ileim is a 


frequent cause of diffuse peritonitis: Although it con- 
tinues to account for much of the mortality attri-uted to 


_ typhoid fever, there is still some lingering disagreement 
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over.the role of operative intervention in its management. 
In the early 1960s Huckstep? and Woodward” argued 
for medical management; more recently, the consensus 
has favored operation.!3.4-6® 


Pathogenesis 


Typhoid bacilli-gain entrance to the body via ingestion 
of foods or liquids contaminated with infected feces or 
urine. They are not destroyed by gastric acidity, and 
reach the blood stream after successfully invading the. 
intestinal mucosa, and traversing the intestinal lymphat- 
ics and mesenteric lymph nodes. Bacteremia is estab- 
lished in man several days after the ingestion of viable 
bacteria and leads to the establishment of secondary 
areas of inflammation in the liver, biliary tree, spleen, 
bone marrow, and lymph nodes. From the second week 
onward, bacteria can be shed from: the biliary tree into 
the upper small bowel, and can appear in the stools. The 
Peyer's patches undergo swelling and ulceration, which 
can progress to capillary thrombosis and subsequent 
necrosis. These ulcerations are always located on the 
antimesenteric border of the intestine and may perforate 
or bleed, usually in the third week of the disease, al- 
though they tisually heal without scar formation. An in- 
crease in titer of agglutinins against the somatic (O) and 
flagellar (H) antigens of S. typhosa occurs. (the Widal 
reaction), and usually reaches a peak during the illness. 


Clinical Results 


One hundred sixty-one patients were seen with ghoid 
perforation of the ileum on the surgical service of the 


' Seoul National University Hospital between January, 


1960 and July, 1973. All were treated by operation. The 
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Age Distribution of Patients 


MANAGEMENT OF ILEAL PERFORATION 


Admisston Temperatures 


Age - Number Per Cent 

0-9 8 5.0% 
10-19 20 12.4% 
20-29 62 38.6% 
30-39 39 24.2% 
40-49 19 11.8% 
50-59 if 6.8% 
60-69 2 1.2% 


Total 161 100.0% 


attribution of perforation to typhoid rather than an alter- 
nate etiology was made most commonly on the basis of 
typical clinical and operative findings. Definite serologi- 
cal and bacteriological confirmation was by nature retro- 
spective, and although pursued in nearly all cases, never 
caused us to delay operation for the 1-3 days required 
before results became available. 

One hundred thirteen patients were male and forty- 
eight were female, a ratio of 2.4:1. The age distribution 
of the patients (Table 1) revealed that 63% were between 
20 and 39 and 75% were between 20 and 49. There was a 
definite seasonal prevalence of typhoid perforation re- 
flecting the incidence of typhoid fever, with 64% of cases 
eccurring in either summer or autumn. Most of the pa- 
tients had been chronically ill with headache, abdominal 
pain, diarrhea, and myalgia for a variable period of time 
(Table 2), usually longer than two weeks. Only six pa- 
tients (3.7%) had been ill for less than one week. Few of 
these patients had received adequate prior treatment for 
their illness and almost all sought initial medical attention 
on an emergency basis because of the sudden and dra- 
matic worsening of their condition caused by acute per- 
foration of the small bowel. Fever was not a striking 
admission finding, 50% having a temperature of 38 C or 
less (Table 3). In many, perforation had occurred 24—48 
hours prior to hospital admission, and this delay was con- 
sequently reflected inthe time interval between perfora- 
tion and operation (Table 4). Thus, only 13.6% of patients 
were explored within 12 hours, and more than half were 
explored more than 24 hours after perforation. 

At surgery, 80.7% of our patients had generalized peri- 
tonitis with varying quantities of small bowel contents 
and pus in the peritoneal cavity. There was no tendency 


TABLE 2. Duration of Symptoms Prior to Admission 


Duration No. Cases Per Cent 
<1 wk. 6 3.7 
1-2 wk. 34 21.1 
2-3 wk. 74 46.0 
34 wk. 30 18.6 
4—6 wk. 14 8.7 
>6 wk. » 3 1.9 
Total 161 100.0 


TABLE 3. one 
Temperature Number Per Cent» 3 7 
36 C-37 C 34 ; 241%, ; 

38 C-39 C 58 . 36.0% |: 
39 C-40 C 19 11.8% = o 
>40 C 3 — —— -9 Fai. —* 

Total 161 — 100: 0% — 


toward localization or walling-off of the perforation in 
these patients other than some adherence: of the perfo- 
rated loop of ileum in the pelvis. The- remainder -had 
localized abscesses: 8 subphrenic, 5 subhepatic, and 18°, 


pelvic. Eighty-six per cent of the perforations’ were lo- — 


cated within 60 cm of the ileocecal valve, and: 72% were. 
within 40 cm (Table 5). Three-quarters were less than . 
0.6 cm in size, and most were round or ovoid: in shape. : 


Thirty-one per cent of our patients had more than one., as., 


perforation. — 

Several operative procedures were E (Table i 
6). Most patients underwent simple one. layer- closure: 
of their perforation with or without debridement, along. 
with appropriate toilette of the peritoneal cavity, , while- 
approximately a quarter underwent small bowel resec- 
tion with primary anastomosis, the indication for: this 
more extensive procedure usually being multiple ` per⸗ 
forations. Antibiotics were used in all patients. Sixteen 
patients died, a mortality rate of 9.92. 


Discussion 


In endemic areas the diagnosis of typhoid perforation 
can usually be made without difficulty on the basis of 
the clinical history extending over a period of 1 to 4 
weeks and culminating in the acute picture of enteric 
perforation. The physical findings are typical of diffuse 
peritonitis secondary to a perforated viscus, and roent- 
genclogic studies will reveal a pneumoperitoneum in’ 


about two-thirds of cases. The differential diagnosis- ue 


should not be overly difficult. Appendicitis presents ‘a. 
much shorter history and more localized physical find- 
ings. Regional enteritis is distinctly uncommon in the 
Orient, as is colonic diverticulitis; in fact both these 
entities are common to highly urbanized societies rather 


TABLE 4. Duration of Perforation Prior to Operation 


Time Number Per Cent 
<6 hr 7 4.3% 
6-12 hr 15 9.3% 
12-24 hr 47 29.2% 
24-48 hr 46 28.6% 
48-72 hr 24 i 14.9% 
72-96 hr 5 3.1% 
>96 hr 17 10.6% 
Tota! 161 100.0% 


Mean (hr.) 38.4 


a 


“han those — typhoid fever is prevalent. Perferation 
+ dhe’ ‘to-zascaris: is a dubious diagnosis, as these zound-. 
>" worms, ‘do: “fiat possess: teeth and are thought incapable 
of? ‘penetrating the intact bowel wall. As serologic and 
‘bacteriologie: conformation requires a delay of >ne to 
' three days’: ‘before therapy is instituted, our polity has 
been to begin vigorous resuscitation with intravenous 
fluids, nasogastric suction, and antibiotics, and proceed to 
exploratory laparotomy, utilizing bacteriologic studies as 
a post facto aid to subsequent management rather than 
as an argument for operative intervention. Morecver, as 
, pointéd out. by Huckstep,” the Widal test may be nega- 
tive in patients, with typhoid, the blood may be sterilized 
within‘ hours’ of the administration of chlorampf=nicol, 
- and stool culture. miay not be positive until the third week 
tof. the illness. In our experience Widal titers were more 
useful in. confirming the diagnosis of typhoid than either 
“blood or‘stool.cultures, as might be predicted by the fact 
— bacteremia and shedding of typhoid bacilli are spo- 

radic eveit-before the institution of antibiotics. Mo-eover, 
` many. of; these patients had received antibiotic: on a 

casual basis from local practitioners, usually as therapy 
for one or another of their symptoms. Titers of 1:80 or 
greater were seen in 75% of patients tested. Occasfnally, 
titers may be low even in the presence of obvious t7phoid 
fever; particularly early in the disease. We have okserved 
several patients with low titers early in the diseaze who 
grew out S. typhosa from either stool or blood. 

At surgery, there was no instance where sea-ing or 
walling off of the perforation had occurred, and 80% of 
the patients had large quantities of small bowel cantents 
and pus in the peritoneal cavity, two observatioas that 
made us increasingly skeptical of the possible effizacy of 
nonoperative treatment. Moreover, in Orientals the 
greater omentum is frequently minimally developed, fur- 
ther mitigating against any possible natural “localization.” 
Other authors were nearly unanimous in failing to ob- 


eae por 


TABLE 5. Operative Findings 
. Distance of Perforation Number of 
from Jleocecal valve Patients Per Gent 
0-19 cm 52 32 3 
20-39 cm 64 39 7 
40-59 cm 22 13 7 
60-79 cm 8 5D 
80-99 cm 12 7 5 
>100 cm 3 13 
{61 100 
_ Number of Perforations 

1 111 68 D 
2 30 18 6 
3 15 93 
4 4 Dan 
5 Í 07 
161 100 
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. TABLE 6. Operative Procedures in Typhoid Perforation 








Procedure Operations ‘Deaths Mortality Rate 
Primary closure 103 11 10.2% 
Resection and anastomosis 43 3 7% 
lleostomy 10 1 10% 
Drainage 5 i. 20% 

Total 161 16 9.9% 





serve instances of walling off among typhoid perfora- 
tions.*° In addition, the paralytic ileus occurring with 
peritonitis of this magnitude ensures a continuing dis- 
charge of small bowel contents into the peritoneal cavity 
from the dilated proximal small bowel. The opportunity 
to remove this material as well as the opportunity to deal 
with the continuing source of contamination by suture 
or resection seem incontrovertible benefits of surgical in- 
tervention. 

The operative procedure performed depended on the 
surgeons preference, but was usually simple one-layer 
closure of the perforation, with or without debridement, 
and extensive toilette or the peritoneal cavity. Resection 
and primary anastomosis were usually performed because 
of multiple perforations, and ileostomy or simple drain- 
age were performed only in the most critically ill and 
moribund patients. 

The operative procedures performed, and their mor- 
tality rates are seen in Table 6. There seemed to be little 
relation between the type of procedure performed 
and the complication rate, except that patients un— 
dergoing resection and anastomosis „had a slightly 
lower rate of pulmonary complications and patients un- 
dergoing ileostomy had a lower incidence of wound prob- 
lems and a higher incidence of prolonged ileus. 

The mortality rate of the entire series was 9.9%, and is 
compared with other recent series in the literature (Table 
7). As might be expected, the mortality and complication 
rates were directly related to the time elapsed between 
the onset of peritonitis and hospitalization, as noted pre- 
viously by others.?# 

The forty-three patients undergoing resection enjoyed a 
slightly lower mortality rate than those undergoing sim- 
ple closure, in spite of the more extensive disease usually 
found in the former group. Because of this finding, we 
have been less hesitant to perform a small bowel resec- 


Tase 7. Studies of Typhoid Perforation Treated by Operation. 


Author Country Year Cases Mortality 
Conroy Korea 1957. 50 = 22% 
Li Hong Kong 1963 20.. 10% 
Dickson Nigeria 1964 38. 58% 
Carayon French West Africa 1965 98 28% 
Dawson Korea 1970 213 13% 
Le Peltier Morrocco 46% 


1971 26 
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tion in recent years if it seemed indicated. In so doing, treatment of typhoid fever and thie éicatment: of eg a 


we have attempted to remove as little distal ileum as. 


the pathology would allow, and have attempted to pre- 
serve the last few centimeters of ileum along with the 
ileocecal valve, since this area was usually not involved. 
Others® have reported similar success with resection and 
primary anastomosis: Carayon? reported seven resections 
without a death in a series that had an overall mortality 
of 28%, and Conroy* performed resection perferentially 
with an acceptable mortality rate amid the sub-optimal 
conditions of a military hospital. 

We have continued to utilize chloromphenicol as the 
drug of choice in typhoid fever. It is initially given intra- 
venously, then continued by the oral route for a total of 
12 to 14 days after oral feedings are resumed. Recently, 
Ampicillin has been increasingly popular in the United 
States for this disease but its therapeutic effect is not as 
rapid or as predictable, and it is less available and more 
costly than chloramphenicol in most parts of the world. 
We believe that chloramphenicol remains superior in in- 
stances of acute bowel perforation of presumed, but not 
proven, typhoid etiology. We have encountered no in- 
stances of aplastic anemia in our series, and Huckstep’ 
and others with a larger experience have been likewise 
‘fortunate. When chloramphenicol has been unavailable, 
or the diagnosis less clearcut, we have used kanamycin. 
Our attempts to culture the peritoneal fluid, and those 
of others have yielded an overwhelming percentage of 
cultures positive for E. coli and only a few instances 
where S. typhosa grew out, suggesting that perhaps the 


rated small bowel might each require a different. chemo- 
therapeutic rationale in a given patient.-We have, utilized : 
steroids only for the treatment of septic s shock, ‘and: then 

in appropriately high doses. 
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Data of 98 patients who had sustained traumatic injuries to 
the duodenum during a recent 7-year period is reviewed. 
The overall mortality was 23.5%; that of the blunt injury 
group was 35%, that of the penetrating injury group was 
20% . However, after the establishment of a trauma unit, the 
mortality for duodenal injuries fell from 32% to 12%. Death 
from duodenal wounds may be reduced by earlier hospitali- 
zation, earlier diagnosis and consequently earlier surgical 
repair. Vigorous treatment of shock is essential. A specialized 
trauma unit with personnel experienced in the management 
of shock and trauma problems provides a better environ- 
ment to carry out the preoperative and postoperative care 
of the acutely injured patient. Adequate surgical treatment 
of the blunt injury and missile injury of the duodenum should 
consist of the following procedures: 1) repair of the duodenal 
wall utilizing conventional techniques; 2) internal decom- 
pression of the repair by afferent jejunostomy; 3) efferent jeju- 
nostomy for postoperative feeding; 4) temporary gastrostomy; 
and.5) external drainage of the repair. In certain selected in- 


. tances, ‘the simple stab wound of the duodenum may be 


~ treated” by conventional repair without decompression, but 
a loop, ‘of. jujunum should be sutured over the repair to pre- 
; venti delayed disruption. The majority of patients with in- 
jüries to the duodenum have associated organs injured which 
: also require considered surgical judgment and action. 


Q\vccessFu surgical repair of a duodenal rupture was 

first reported in 1896," but it was not until 1905 that 
the first detailed case report of a survival appeared. Since 
this time, the number of patients with duodenal injuries 
increased markedly*® largely because of increased num- 
bers of automobile accidents.!- and the increased violence 
on our streets.” Thus, physicians treating civilian trauma 
are being confronted with increasing numbers of duode- 
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nal injuries.*214 But reappraisal of all aspects of duo- 
denal injuries is necessary, if the tragically high morbidity 
and mortality is to be lowered. 

Surgical management of duodenal injuries as presented 
in the literature is controversial, if not somewhat con- 
tradictory.?:16?! The experience of most surgeons in this 
disorder is still limited by its relative infrequency. The 
surgical literature on duodenal injuries mostly consists of 
isolated case reports or collective reviews of small series 
and few authors have had sufficient experience with this 
injury to develop comprehensive analyses of the prob- 
lem.*;61628 Furthermore, many reported series include 
patients treated by highly variable surgical techniques 
during the early part of the twentieth century when prin- 
ciples of pre- and postoperative care were poorly de- 
veloped. 

The present study presents data of 98 surgically treated 
traumatic injuries of the duodenum in order to redefine 
the concepts of resuscitation, diagnosis, and treatment. 


Clinical Data 

Type of Injury 

From January 1962 through December 1968, 98 patients 
(or 0.03% of all those hospitalized) were operated for 
traumatic injuries of the duodenum. There were 75 pene- 
trating injuries, of which 51 resulted from small caliber 
gun shot wounds and 24 from stab wounds as well as 23 
nonpenetrating abdominal injuries. The latter included 
12 blunt injuries from automobile accidents, five patients 
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who. were bested four patients who fell from various 
heights and two patients who were kicked and stomped 
upon. The overall mortality was 23.5% (Table 1). 


Sex and Age 


The series included 86 ‘males and 12 enais who 
ranged in age from. six to 52. years (average 29 years ) 
(Table 2). The majority were between 20 and 40 years 
(Table 3). The average age of the — who died 
was 33; years. ` 


— F indings 


Twenty-four of this series were admitted in n shock; of 
these, four incurred blunt injury, 14 gunshot wounds. and 
six were stabbed. Thirteen (54%) of these were refractory 
to the usual preoperative resuscitative measures and re- 
quired emergency surgery as part of their resuscitation; 
12 subsequently died. No male patient complained of 
testicular pain and none had soft tissue emphysema. 


- Thirteen of 19 adult patients with blunt abdominal injury 


f 


were intoxicated at the time of their injury. Most of these 
did: not séek medical care immediately, following their 
accident,. but waited until they were sober; then, they 
were unable to remember, or failed to give an accurate 
account of an accident. Lack of an accurate history often 
misled the examining physician into incorrect diagnoses. 
Consequently, many patients had prolonged delays in the 
preoperative period which may have contributed to in- 
creased morbidity and mortality. 


X- -Ray Findings 


Seven of 17 patients with — of the duodenum 
from non-penetrating trauma had x-ray findings com- 
patible with intraperitoneal organ injury; 3 of these had 
free intraperitoneal gas. In 12 patients with penetrating 
trauma, free gas or retroperitoneal gas was demonstrated 
on scout films of the abdomen. 

A correct preoperative diagnosis of intramural hema- 
toma of the duodenum was made in four patients that 














TABLE 1. Type of Injury and Mortality of 98 Duodenal Injuries 
. Number of | 
- Type of Injury Patients Deaths Mortality 
Penetrating Injuries 75 15 20% 
Stab Wounds 24 2 
Gunshot Wounds 51 13 
Blunt Injuries 23 8 35% 
Falls : 4 2 
Blows Sh 1 
Kicked 2 0 
Automobile Accidents 
Pedestrians 3 2 
Drivers 9 3; 
Total 98 23 23:5 





TRAUMATIC INJURIES TO THE DUODENUM 





TABLE 2. Sex and Average Age of Patients With Duodenal — 
Sex “Average Age“ ~- 
Type of Injury Male Female — 
Stab Wounds 23 1 . 82. = | 
Gunshot Wounds 44 7 G 
Blunt Injuries 19 4 31 E T 
Mean | See 


had incurred blunt. ionnd trauma; the diagnosis w was = 


based upon radiographic findings of the preoperative: 


upper gastrointestinal contrast study, ee 


Preoperative Management 


Patients with. nonpenetrating abdominal. trauma⸗ x prë- 
sent much greater diagnostic challenges thari do. pene- 
trating injuries. The clinical manifestations of’. blunt 
abdominal trauma may be unimpressive early in the: “post: 
injury period; evidence of this lesion usually” ‘becomes 
apparent to the surgeon only when pathophysiologic: -. 
derangemeiits take place. Because they produce a paucity. 
of signs and symptoms, retroperitoneal diiodenal injuries 
tax the diagnostic capabilities of the most astute surgeon; 
eailv recognition and operative treatment of duodenal 
injuries is the exception rather than the rule. Rather than 
relying solely on physical findings to establish a diagnosis, 
the surgeon should make use of various diagnostic. aids, 
such as abdominal films, gastrointestinal contrast studies; 
abdominal paracentesis and serum anylase measurements. 
_ The majority of gunshot wound patients were operated 
as soon as their respiratory and circulatory function was 
stabilized by appropriate measurements. Seven gunshot 
patients, despite massive infusions of blood and colloid, 
remained in extreme shock prior to surgery. These pa- 
tients were taken to surgery in shock to arrest massive 


intraabdominal hemorrhage; the emergency surgery ¥ was, 


considered an integral part of therapy.1819 


Operative Findings `. — 

There were 49 injuries to the second portion of: the: 
duodenum, which was the most frequently injured pärt. 
The first portion was injured 5 times, the third portión 





TABLE 3. Mortality of All Patients With Duodenal Injuries im 
Relation to Age 

i Number of Patients 

Age in Years Total Deaths 
Under 9 2 1 
10-19 19 2 
20-29 33 4 
30-39 24 7 
40-49 18 8 
50-59 2 i 
Total 98 23 


98 
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16 times and the fourth portion 13 times. Fifteen patients 


had more than one portion injured. The combired in- 
— were often the result of multiple injuries. 
Six patients who incurred blunt injuries had complete 


— “tiansectión of the injured duodenum; seven othes had 
over 50% of their duodenal wall circumference tran ected; 


* 
an 


and two patients ‘had less than 50% of their duodenal wall 


_circumferénce injured, Eight additional blunt injury pa- 


tients had intramural hematomas of the duodenum; two 
of these had coexisting perforations. 


J. All. but two of:-.the gunshot wounds penetrated the 


E duodenal wall in two places; i.e., they were through-and- 


through i injuries. Many of the gunshot wounds preduced 


` . large duodenal wall defects; however, the duodenum was 
never completely transected by a missile. Of A stab 


F “wounds, 17 were through- -and-through injuries. 


— Surgiéal Treatment 


“AJ penetrating wounds of the duodenal wal were 


kai by-debridement of the site of perforatien and 
‘closure of the defect with either two or three lavers of 


inverting sutures. The inner layers were close] with 
chromic catgut and the outer layer with silk. All sutures 
were placed with care to prevent compromise of the 


' duodenal lumen; the majority of the wounds were closed 


in a transverse diameter. 

Eight of 15 duodenal wall perforations or partial dis- 
ruptions secondary to nonpenetrating trauma w:re de- 
brided and closed. Five patients with complete fransec- 
tions of the duodenum had debridement of the wound 
edges and end-to-end anastomoses. One patient Lad the 
second, third and fourth portion of the duodermm re- 
sected and the gastrointestinal tract continuity mestab- 
lished by gastrojejunostomy; the pancreatic and biliary 
drainage was restored with a roux-en-Y loop. -nother 


. _ patient with blunt abdominal injury underwent partial 


gastric resection with gastrojejunostomy for drodenal 
bulb injury. The eight patients with intramural hema- 
tomas were treated by drainage of the hematoma -nto the 
lumen and bypass of the duodenum by gastrojejurostomy 


or various other procedures. 


cen Se 
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Various ancillary procedures were used as adjcncts to 


.the primary duodenal repair. These producers can be 


divided into two categories: 1) repair of the duedenum 


-with or without external drainage and 2) repair of the 
_ duodenum, decompression of the repair, and <xternal 
- drainage. Decompression of the repair was accomplished 


by either diverting the gastric secretions through € gastro- 


 jejunostomy or gastrostomy and jejunostomy w-th pas- 


sage of a soft rubber catheter through the proximal 
jejunum to the region of repair: this will be referred to 
as an “afferent” jejunostomy tube. Other surgical edjuncts 


— used in both categories include feeding jejunostcmy (or 


“efferent” jejunostomy), gastrojejunostomy and ↄmental 
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or jejunal patch, as a reinforcement of the duodenal re- 
pair. 

There were 53 patients in the first category (repair 
with or without external drainage) who had 30% mortality 


(Table 4). Six surviving and eight nonsurviving patients ~ 


in this group had complications, which included either 
duodenal fistula or gastrointestinal tract bleeding. Of the 
five patients with stab wounds in this group, none had 
injured more than one wall of the duodenum, none had 
external drainage and only two had injury to other organs. 

The second therapeutic category included 39 patients 
who had some form of decompression of the duodenal 
repair. There were 12 blunt injuries, seven stab wounds 
and 20 gunshot wounds in this category. Only six (15%) 
of the patients in this group died; all of these deaths were 
among the 25 patients treated by primary repair of the 
duodenum, gastrojejunostomy and external drainage of 
the repair. Five living and one dying patient aniong the 
25 treated by gastrojejunostomy developed either a duo- 
denal fistula or gastrointestinal tract bleeding. Fourteen 
patients (4 stab wounds and 10 gunshot wounds) in this 
therapeutic category were treated by internal decompres- 
sion of the repair. This was accomplished by passing a 
soft rubber catheter through the proximal jejunum to the 
region of repair and applying gentle suction postopera- 
tively. These patients also had an efferent jejunostomy, 
gastrostomy and external drainage. All 14 of these pa- 
tients survived and none developed duodenal complica- 
tions or gastrointestinal bleeding. 

External drainage of the area of duodenal repair was 
accomplished with multiple Penrose drains through 


TABLE 4. Surgical Management of 92 Patients With Traumatic 


Perforations of the Duodenum 


Complications 


Number Living Dying 
of Patients Deaths Patients Patients 
Surgical Procedure 
Repair Group 53 16 6 8 
Repair only 5 0 i 0 
Repair and Drainage 31 11 2 6 
Repair, Drainage and 9 3 2 1 
Gastrostomy 
Repair, Drainage, Patch 8 2 1 1 
with Jejunum or 
Omentum 
Repair and Decompressicn 39 6 5 1 
Group 
Repair Duodenum, 14 0 j 0 
Drainage; Afferent and 
Efferent Jejunostomy 
and Gastrostomy 
Repair, Drainage and 14 2 4 0 
Gastrojejunostomy 
Repair, Drainage 11 4 1 1 
Gastrojejunostomy and 
Gastrostomy 
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lateral stab wounds in 52 patients; 29 other patients had a 
combination of multiple Penrose drains, and sump or 
Chaffin-Pratt drainage. The pancreas, liver and gall blad- 
der, when. injured, were also drained and repaired. 


Associated Injuries 


Associated injury to adjacent organs commonly accom- 
panied duodenal injury. Data of 206 associated abdominal 
injuries in 88 patients are summarized in Table 5. The 
pancreas was the most frequent associated organ injured; 
this was followed by liver, stomach, small bowel, vena 
cava, genito-urinary system, extra-hepatic biliary sys- 
tem, major arteries, etc. Extra-abdominal injuries also 
accompanied duodenal trauma, especially in the patient 
with multiple blunt injury and multiple gunshot wounds. 
Three of the blunt injury patients had concomitant chest 
injuries including multiple fractured ribs, hemothorax 
and pneumothorax. 


Delay in Treatment 


The majority of our patients were transported from 
the scene of the accident to other hospital emergency 
rooms, doctors’ offices or other first aid areas. Often after 
considerable delay, the patient was transferred for defini- 
tive surgical care. Many of the transferred patients ar- 
rived in shock, frequently with either inadequate or no 
attempts at resuscitation. This prior, but often inade- 
quate, medical therapy was reflected in the increased 
mortality (Table 6). Thus, 62 patients receiving prior 
medical therapy had a mortality rate of 27%. In contrast, 
the mortality for 36 patients brought directly to the 
institution was 17%. | 

Prior medical therapy often contributed to delays in 
the surgery. We have noted a direct relationship between 
mortality and the time interval from injury to surgery. 
Those patients who survived were found to have been 


TABLE 5. Associated _Inira-Abdominal Injuries in 88 Patients 

Type of Injury Gunshot Stab Blunt Total 
No. of Cases 51 20 17 88 

Organ Injured 
Pancreas 18 10 9 37 
Liver 23 6 3 a2 
Colon 18 + 2 24 
Stomach 18 2 20 
Small Bowel 15 3 1 19 
Vena Cava 14 4 1 19 
Genito-urinary 10 33 1 14 
Extra-hepatic “ 10 2 1 13 
Major arterial 10 3 13 
Retroperitoneum | 2 2 5 
Spleen 2 1 1 4 
Diaphragm 1 2 1 4 
Aorta 2 2 

Total 142 42 22 206 
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TABLE 6. The Relationship of Previous M edical Treaiment to. M ortality 








No Previous ` Previous - 
Treatment “Treatment. 
Type of Injury Number Died N umber . Died. — 
Stab Wounds 12 2 212° > OC 8 
Gunshot Wounds 19 3 wea ee, Oe ae 
Blunt Injuries s - 4 eGo DOs T ats 
Total 36 6 (18%) 62 


17 (27%) 


operated upon three times as early as- ibe: patients whe .-. 
subsequently died. However, even in surviving patients, 


the time interval from injury to surgery v was jmduly long“: 


and should have been reduced. LRE 


Å . 


Effect of Specialized Facilities for Treatment of Trauma ae 
Victims - 


Initially, injured patients were admitted to thé? D 
surgical services, but about midway through this. study A 
trauma and shock unit was established to ‘provide: spe- 
cialized care for trauma patients, Forty-one patients with 
duodenal injuries were cared for on this unit;,5 or 12% 
died. By contrast, during the 4 years preceding the estab- 
lishment of the trauma unit 18 of 57 patients. with duo- 
denal injuries (32%) died. Only 3 deaths occurred in the 
group of 26 gun shot wound patients treated on the 
trauma unit, in contrast to 10 deaths among 25 patients 
treated for missile injuries before the trauma unit. The 
patients treated in the trauma unit sustained more severe — 
injuries; the majority of the 23 surviving gun shot wound 
patients from the trauma unit group had multiple asso- 
ciated organ injuries, including 10 vena cava and 11 
hepatic injuries. Moreover, patients treated on the trauma 
unit had an average of 2.8 associated organs injured, com- 
pared to only 1.7 associated organ injuries among the 
missile injury patients treated before the trauma unit 
was initiated. 


Complications and Mortality 


There were 85 postoperative complications in 43.sur-, 
viving patients and 43 complications in 19 patients who» — 
died (Table 9). Infection was the commonest complica- .. 


tion; it accounted for 34% of nonfatal complications and ~., 


for 28% of the complications in fatal cases. Pulmonary ~~ 


TABLE 7. Relationship of Time Interval From Injury to Surgery 


All Patients Living Patients Dying Patients 


Type of Injury Cases Hours Cases Hours Cases Hours™ 
Stab Wounds 2 62 22 65 2 4 
Gunshot Wounds 51 7.3 38 5:3 13 18.3 
Blunt Injuries 23. 1154 15 86.6 & 169.2 
Total 98 35.1 75 21. 23 71.7 
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TABLE 8. Relationship of the Trauma Unit to M ortality From Duodenal Injuries 





Ae SRA Nae 89) Before Trauma Unit 
ES Type of Injury Number Deaths 
Stab Wounds 14 1 
Gunshot Wounds 25- i 10 ` 
Blunt Injuries i 18 . j 
Total 57 0 57 18 


| complications accounted for 32% of nonfatal complications 
and 21% of the complications in dying patients. 
Of.the complications specific for duodenal injuries, 


duodenat fistula was observed in 10 patients, 4 of whom . 


died. Five surviving and five nonsurviving patients had 
_ postoperative gastrointestinal bleeding. Data of other 
postoperative complications are detailed in Table 9. 

` Twenty-six patients underwent one or more additional 
operations to correct postoperative complications or to 
Teestablish gastrointestinal tract continuity (Table 10); 

nine of these patients died. The secondary operations in- 
cluded ‘13 operations to drain various infections and 11 
operations to control gastrointestinal or intra-abdominal 
bleeding. Nonfunctioning gastrojejunostomies were re- 
vised in four patients. Six patients had colostomies per- 
formed at their initial operation; these colostomies sub- 

sequently were closed. One patient underwent closure of 
a duodenal fistula and another. patient was operated on to 
correct a pancreatic fistula. 

__ Four patients who did not recover from severe shock 
expired during the first 24 hours following surgery. Their 
` shock state was not altered by massive infusions of elec- 
trolyte solutions, plasma, colloid and whole blood. Each 


TABLE 9. Postoperative Complications 


Living Patients Dying Patients 
(43) (19) 


Complication 


“Infection 
WMound Infection 


Intra-peritoneal Abcess 
 Septicémia 


prod, 
ma WOO 
faa e an 


_ ‚Pulmonary 


— 


Bronchopneumonia 5 
Atelectasis 8 1 
Pleural Effusion 4 
Hemorrhage 
Gastrointestinal 
' Intra-abdominal 1 
‘ Gastrointestinal 
- .2.. Duodenal Fistula 6 
“ " Pancreatic Fistula 6 
Anastomatic Obstruction 2 
Biliary Tract Fistula 3 
Renal 
Anuria 3 


mmr itn 


- Neurological 


Delerium Tremens 2 


Total 85 43 


-materially contributed to their fatal outcome. 


In Trauma Unit _ 


Percentage Number Deaths Percentage | 
79 10 1 = 10% 
40% 26 i 3 12% | 
39% 5 1 20% 
32% 41 5 _ 12% 


rou — 
e285 . x r * 4 
z ” * a *. 


of these patients had multiple associated injuries that 
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Discussion po 

During the past 25 years, the routine use of whole 
blood transfusions, antibiotic therapy, a better under- 
standing of fluid and electrolyte replacement, improved 
anesthesia and earlier surgical exploration have failed to 
lower appreciably the morbidity and mortality of trau- 
matic duodenal injuries. We believe that certain modi- 
fications and refinements in operative technique and im- 
provements in pre- and postoperative care can reduce 
the previous excessive morbidity and mortality from 
traumatic duodenal injuries to more acceptable levels. 

There is considerable controversy about the optimal 
treatment of the injured duodenum in the medical litera- 
ture. Various authors have proposed a spectrum of ther- 
apy from simple closure??® on the one extreme to resec- 
tion of the injured duodenum on the other extreme. The 
majority of authors advocate additional surgical proce- 
dures to defunctionalize the duodenum, in order to pro- 
tect and insure the integrity of the repair?! The latter 
procedures include: 1) diversion of the gastric secretions 
from the repair as in gastrojejunostomy,**, duodeno- 
jejunostomy,®!5 and duodenostomy;®1* 2) internal de- 
compression of the repair as in afferent jejunostomy;*! — 
3) exclusion of gastric secretions as in pyloric closure;?? 
4) removal of gastric secretions by gastrostomy;> and 


TABLE 10. Summary of Secondary Operations 


Living Patients Dying Patients 
Operation (17) . (9) 





Drainage of Abscesses 
Subphrenic 5 l 
Pelvic ae o. 1 
Intra-abdominal ae ie — 
Subdiaphragmatic Í 
Control of Bleeding 
Gastrointestinal 
Intra-abdominal 

Revision of Gastro Jejunostomy 

Closure of Fistula 
Duodenal 
Pancreatic 

Closure of Colostomy 


w BO Cn 


Total 3 02 13 
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5) inhibition of a secretions by antrectomy and 
vagotomy.’ 
The morbidity and mortality of the present series indi- 


cate that some form of internal decompression of the 


- repair should be an integral part of the surgical treatment 
of traumatic perforations of the duodenum. This decom- 


‘pression may be accomplished by gastrojejunostomy or by `. 


jejunostomy which permits suction in the early postopera- 
tive period. An, “afferent” jejunostomy tube for internal 
decompression provides the means for reducing the hy- 
. drostatic pressure normally present within the duodenal 
lumen. This hydrostatic pressure arises from the large 
volume of biliary, duodenal, gastric and pancreatic secre- 
tions normally passing through the duodenum. Edema of 
the duodenal wall at the site of surgical repair, collection 
of fluid within the duodenal lumen, and decreased peri- 
staltie acitvity follow injury and repair. These factors 
increase both the volume of fluid within the lumen and 
the duodenal emptying: time. The increased hydrostatic 
pressure that results may be great enough to disrupt 
mechanically the repair. Use of internal decompression 
tends to prevent accumulation of fluid that may lead to 
a failure of the repair. 

Ten patients in our series developed a duodenal fistula, 
wand 4 of these patients died as a direct result of the fistula. 
Duodenal fistula, which is a most distressing postoperative 
complication may lead to uncontrolled loss of duodenal 
contents, starvation, severe wasting, cachexia, and fluid- 
electrolyte problems including metabolic alkalosis, de- 
hydration, hyponatremia and hypokalemia. 

Some authors advocate jejunostomy tubes for treatment 
of a duodenal fistula.®?5 By inserting a jejunostomy tube 
at the time of primary repair, the surgeon may discourage 
fistula formation. If a duodenal fistula develops, the pre- 
viously inserted jejunostomy tube provides an immediate 
means of treatment without resorting to subsequent sur- 
gical procedure. 

The repair may also be decompressed by gastrojeju- 
nostomy. However, the patient may develop a marginal 
ulcer, if truncal vagotomy is not performed at the same 
time.®15 Four of our patients treated by gastrojejunostomy 
without truncal vagotomy developed marginal ulcers; two 
of these patients later bled massively and required 
emergency surgery. 

The majority of patients with traumatic injuries of the 
duodenum are extrernely ill when brought to surgery; 
. frequently they have serious associated injuries that also 
require surgical correction. Any procedure that reduces 
the magnitude of operation or decreases the operating 
time is highly advantageous. The placement of two jejunal 
tubes and a gastrostomy may be accomplished rapidly as 
compared with the added operating time necessary to 
perform truncal vagotomy and gastrojejunostomy. When 
the “three tubes” (afferent jejunostomy for decompres- 
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+e He 


sion, efferent jejunostomy for feeding, and gastrostomy 1 for 
decompression proximal to duodenal repair). arë;used, - 
the possibility of the patient later avers fistula. On 
marginal ulcer is minimized. 


97 


Paka 
ee. 
w 
* 


A temporary gastrostomy is naded. to insure ae 
quate gastric aspiration and decompression proximal to - 


the duodenal closure. Many patients’ with duodenal -in--: 


juries require . prolonged gastric decompression; tem- 
porary gastrostomy eliminates the need for extended nasal : 
intubation which often leads to respiratory. ag gastro- 
intestinal complications.4?:2° 

Simple repair without decompression may be adequate 
for small stab wounds of the first or second’ portion of 
the duodenum, especially when there are. no associated 
abdominal injuries. Five stab wound .patients ‘of the. 
present series had simple repair of a single injury, but one 
of these patients developed a duodenal fistula: If the — 
surgeon elects only to repair the small stab wound, the 
fixation of a loop of jejunum over the eee mi be 
indicated.7 } 

Delay in diagnosis and consequent delay int ‘surgical 
intervention were two factors that contributed to un- 
satisfactory results, especially in patients with blunt 
injury. Delayed diagnosis results from delayed hospitaliza- 
tion, inadequate history, especially in the inebriated pa- 
tient, prolonged hospital observation, lack of initial symp- 
torns or physical signs referable to the duodenum and 
failure to suspect this disorder on the part of the attend- 


ing surgeon. In the present series, the surviving patients __ 


were operated on much sooner than those who sub- 
sequently died. This is in disagreement with Cocke and 
Meyer” who found that the number of hours from injury 
to operation apparently had no bearing on morbidity or 
mortality rates. Patients that were brought directly to 
the hospital had a’much lower mortality than those pa- 


tients treated for variable periods of time PSone and — 


then transferred. 


Twelve of 24 patients admitted in shock expired. Nine ` | 


patients were admitted to the trauma unit in shock; four — 
of these patients died. An additional 5 patients went into 


shock after being hospitalized; however, none of these - 
patients were treated on the trauma unit. Aggressive 


management and prevention of shock were considered 
essential in the preoperative management of these pa- 
tients. Further reductions in the mortality associated with 


duodenal injuries may come through improvement in the 
therapy of shock; trauma centers may provide the highly- ` 


specialized care necessary to treat optimally the injured 
patient who is in shock and to prevent shock from oc- 
curring.18.19 
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A New Oral 
Antibiotic with these 
Important Features: 


= Bactericidal activity in vitro. 


" Effective against a wide range of Gram-positive and 
Gram-negative infections due to susceptible organisms: 


Respiratory tract infections caused by group A 
beta-hemolytic streptococci and D. pneumoniae. 


Urinary tract infections caused by E. coli, Pr. mirabilis, 
and Klebsiella species. 
Skin and soft-tissue infections caused by staphylococci. 


Otitis media caused by group A beta-hemolytic 
streptococci, D. pneumoniae, H. influenzae and staphylococci. 


Culture and susceptibility tests should be initiated prior to and during 
therapy. Renal function studies should be performed when indicated. 


= Documented safety. 


= Rapidly absorbed. Average peak serum levels within 1 hour. 


(Approximately 9 and 16.5 mcg./ml. at 1 hour with 250 and 500 mg. capsules, 
respectively, in normal adult volunteers. ) 


= High urinary levels. 


(Peak concentration of approximately 3200 mcg./ml. with 500 mg. capsule dose 
in normal adult volunteers. ) 


= Excreted essentially unchanged in the urine. 
" Acid stable. Can be given without regard to meals. 


‘Anspor is contraindicated in patients with known hypersensitivity to 
the cephalosporins. In penicillin-sensitive patients, cephalosporin C 
derivatives should be used with great caution because of evidence of 
partial cross-allergenicity of the penicillins and the cephalosporins. 


Adverse Reactions 


The following adverse reactions have been reported: glossitis, nausea, 
vomiting, diarrhea or loose stools, abdominal pain and heartburn; mild 
urticaria or skin rash, pruritus, joint pains; transient eosinophilia, 
leukopenia, neutropenia; transient rise of SGOT, SGPT, total bilirubin, 
BUN; dizziness, tightness in the chest, and candidal vaginitis. 


For a brief summary of prescribing information, including indications, 
contraindications, warnings, precautions, adverse reactions, and dosage, 
please see the following page. 
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Before prescribing, see complete prescribing information in SK&F 
literature. The following is a brief summary. 


DESCRIPTION 
Anspor (cephradine, sK6F ) is a semi-synthetic cephalosporin antibictic 


ee 


**Bhemically designated as 7- D-2-amino-2-(1,4-cyclohexadien- 1-yl) 


* 


acetamido -3-methyl-8-oxo-5-thia- l-azabicyclo 4.2.0 |-oct-2-ene-2- 
carboxylic acid. 
ACTIONS 


< Microbiology: In vitro tests demonstrate that the cephalosporins are 


bactericidal because of their inhibition of cell-wall synthesis. Cephradine 
is active against the following organisms in vitro 


Beta-hemolytic streptococci 
Staphylococci, including coaqulase- 
positive, coagulase-negative, 
and penicillinase-producing strains 


Diplococcus pneumonime 
Escherichia coli 

Proteus mirabilis 
Klebsiella sp. 
Hemophilus influenzae 


Note—Some strains of enterococci (Streptococcus faecalis) are resistant to 
cephradine. It is not active against most strains of Enterobacter sp., Pr 
morganli and Pr vulgaris It has no activity against Pseudomonas or Heredea 
species. When tested by in vitro methods, staphylococci exhibit cross 
resistance between cephradine and methicillin-type antibiotics. 


INDICATIONS 

Anspor (cephradine, sk&F ) is indicated in the treatment of the following 
infections when caused by susceptible strains of desiqnated micro- 
organisms. 

Infections of the respiratory tract (e.q., tonsillitis, pharyngitis, and lobar 
pneumonia) caused by group A beta-hemolytic streptococci and D 
pneumoniae 


(Penicillin is the usual drug of choice in the treatment and prevention of 
streptococcal infections, including the prophylaxis of rheumatic fever. 
‘Anspor is generally effective in the eradication of streptococci from the 
nasopharynx; substantial data establishing the efficacy of ‘Anspor in 

the subsequent prevention of rheumatic fever are not available at present.) 


Otitis media caused by group A beta-hemolytic streptococci, D. pneumoniae. 
Hemophilus influenzae and staphylococci. 


Infections of the skin and soft tissues caused by staphylococci. 
Infections of the urinary tract, including prostatitis, caused by Escher-hia 
coli, Pr mirabilis. and Klebsiella species. 


Note — Culture and susceptibility tests should be initiated prior to and 
during therapy. Renal function studies should be performed when 


indicated. 


CONTRAINDICATIONS 
Anspor (cephradine, SK&F ) is contraindicated in patients with known 
hypersensitivity to the cephalosporin group of antibiotics. 


WARNINGS 

IN PENICILLIN-SENSITIVE PATIENTS, CEPHALOSPORIN C DERIVA- 
TIVES SHOULD BE USED WITH GREAT CAUTION. THERE IS 
CLINICAL AND LABORATORY EVIDENCE OF PARTIAL CROSS- 


ALLERGENICITY OF THE PENICILLINS AND THE CEPHALOSPORINS, 


AND THERE ARE INSTANCES OF PATIENTS WHO HAVE HAD 
REACTIONS TO BOTH DRUGS (INCLUDING FATAL ANAPHYLAXIS 
AFTER PARENTERAL USE). 

Any patient who has demonstrated some form of allergy, particularly to 
drugs, should receive antibiotics cautiously and then only when abselutely 
necessary. 

Usage in Pregnancy and Lactation: Safety of this product for use in 
preqnancy has not been established. Cephradine is secreted in breast 
milk during lactation. 

PRECAUTIONS 

Follow patients closely to detect side effects or unusual manifestations of 
drug idiosyncrasy. If hypersensitivity reaction occurs, discontinue drug 
and treat patient with usual agents, e.g.. pressor amines, antihistamanes, 
or corticosteroids. 
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capsules: 250 and 500 mg. 
for oral suspension: 125 and 250 mg./5 ml. 





Administer with caution in presence of markedly impaired renal function. 
In known or suspected renal impairment, careful clinical observation and 
appropriate laboratory studies should be made prior to and during 
therapy as cephradine accumulates in the serum and tissues. See DOSAGE 
AND ADMINISTRATION section for information on treatment of patients 
with impaired renal function. 


Prolonged use of antibiotics may promote the overgrowth of non- 
susceptible organisms. Take appropriate measures if superinfection 
occurs during therapy. 


After cephradine therapy, a false positive reaction for qlucose in the urine 
may occur with Benedict's solution, Fehling’s solution, or with Clinitest® 
tablets, but not with enzyme-based tests such as Clinistix® and Tes-Tape® 


A positive Coombs test may be due to the drug 


Indicated surgical procedures should be performed in conjunction with 
antibiotic therapy. 


ADVERSE REACTIONS 
The following adverse reactions have been reported: 


Gastrointestinal: Glossitis, nausea, vomiting, diarrhea or loose stools, 
abdominal pain and heartburn. 


Skin and Hypersensitivity Reactions: Mild urticaria or skin rash, pruritus, 
and joint pains, 


Blood: Mild, transient eosinophilia, leukopenia and neutropenia. 


Liver: Transient mild rise of SGOT, SGPT, and total bilirubin with no 
evidence of hepatocellular damage. 


Renal: Transitory rises in BUN. In adults for whom serum creatinine 
determinations were performed, the rise in BUN was not accompanied 
by a rise in serum creatinine. 


Other adverse reactions have included dizziness and tightness in the chest 
and candidal vaginitis. 


DOSAGE AND ADMINISTRATION 
Anspor (cephradine, SkGF) may be given without regard to meals. 


Adults: For skin and soft-tissue and respiratory tract infections (other 
than lobar pneumonia), the usual dose is 250 mg. q.i.d. in equally spaced 
doses. For acute infections of the urinary tract, including prostatitis, and 
pneumococcal lobar pneumonia, the usual dose is 500 mg. q.i.d. in 
equally spaced doses; severe or chronic infections may require larger 
doses. 


Children: The usual dose is 25 to 50 mg./kg./day total, q.i.d. in equally 
divided and spaced doses. For otitis media due to H influenzae. doses from 
75 to 100 mq./kg./day in equally divided and spaced doses are recom- 
mended. Maximum dose should not exceed 4 grams per day. 


All patients, regardless of age and weight: Larger doses (upto 1 gram, 
q.i.d.) may be given for severe or chronic infections. 


In patients with impaired renal function, a modified dosage schedule is 
necessary. Consider each patient individually utilizing the following 
guideline: In adults, initial loading dose is 750 mg. and maintenance dose 
is 500 mg. at following time intervals: creatinine clearance >20 ml./min., 
6-12 hours between doses; creatinine clearance 15-19 ml./min., 12-24 
hours between doses; creatinine clearance 10-14 ml./min., 24-40 hours 
between doses; creatinine clearance 5-9 ml./min., 40-50 hours between 
doses; creatinine clearance <5 mi./min., 50-70 hours between doses. 
Further modification may be necessary in children. 


HOW SUPPLIED 
ANSPOR (cephradine, skefF ) Capsules — 250 and 500 mg. 


‘ANSPOR' for Oral Suspension—Pleasant fruit-flavored oral suspension 


which, after reconstitution, provides 125 mg. or 250 mg. of cephradine per 
5 ml. teaspoonful. 
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Outstanding vascular surgeons from all sections of the country Ve tates 
have pooled their composite experience and knowledge for this ES 
in-depth work. Each has written on a specific vascular complica- oe. Pe if 
tion and gives you the benefit of his expertise in this area. Three ae son 
objectives are always in view: 1) To help you prevent complica- fo hs, a" 
tions where the causes are known and can be anticipated. 2) To , — — 
provide you with a clear guide to the management of complica- L R 
tions. 3) To establish a foundation of information from which 
you can deal logically and effectively with problems not described. 


This work reaps the benefit of significant appraisals of the long- S — 
term follow-up studies that became possible during the last ten i 

years. An analysis of the results obtained with various surgical 

approaches during that time has made it now possible and prac- 

tical to develop meaningful guidelines. | 


The surgeon can refer to this authoritative, practical atlas-text 
with confidence. 
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complication of primary | inthe presence 
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edema 


suspect it in the presence 
of signs and symptoms such as these: 








projectile S7 
vomiting 





increased 





i headache, blood 
altered consciousness pressure 
VN 
dilated pupil, 


papilledema, 





abducens palsy 





bradycardia 


* Note: The use of DECADRON in cerebral edema is not a substitute for careful neurosurgical 
evaluation and definitive management such as neurosurgery or other specific therapy. 


Injection: 4 mg/ml Phosphate Tablets: 1.5 mg, 0.75 mg, 0.5 mg, 0.25 mg 


an indication for DECADRON and DECADRON 


(Dexamethasone Sodium  (Dexamethasone|MSD) 
Phosphate|MSD) 


For a brief summary of prescribing information, please see following page. 





“Some degree of edema accompanies most 
head injuries. Various methods have been 
used to control this, but at present the most 


efficient method is use of...dexamethasone 
*[DECADRON*]... . The effect of this is not well 


understood, but there is little question that 
edema of the brain is significantly lessened by 
its use.” 


Ritchie WP: The emergency care of cerebral injuries, 
J Lancet 86:255, June 1966. 


The use of DECADRON in cerebral edema is 
not a substitute for careful neurosurgical eval- 
uation and definitive management such as 
neurosurgery or other specific therapy. 


Dosage for cerebral edema 


Injection DECADRON Phosphate is generally 
administered initially in a dosage of 10 mg 
dexamethasone phosphate (2.5 ml) IV followed 
by 4 mg dexamethasone phosphate (1 ml) IM 


Injection | 
Decadron 


(Dexamethasone Sodium 
Phosphate|MSD) 


every six hours until symptoms of cerebral 
edema subside. Response is usually noted 
within 12 to 24 hours and dosage may be re- 
duced after two to four days and gradually dis- 
continued over a period of five to seven days. 
For the palliative management of patients with 
recurrent or inoperable brain tumors, main- 
tenance therapy should be individualized with 
either Injection DECADRON Phosphate or Tab- 
lets DECADRON (supplied as 1.5-, 0.75-, 0.5-, 
and 0.25-mg tablets). Two mg two or three 
times daily may be effective. The smallest dos- 
age necessary to control cerebral edema should 
be utilized. The usual precautions in regard 
to corticosteroid therapy should be employed, 
and antacids, anticholinergic drugs, and diet 
measures to prevent gastrointestinal ulcer or 
hemorrhage should be considered. Please read 
the brief summary below, and consult full pre- 
scribing information before prescribing or 
administering. 





Contraindications: Systemic fungal infections. 


Warnings: In patients on corticosteroid therapy subjected 
to unusual stress, increase dosage of rapidly acting corti- 
costeroids before, during, and after the stressful situation. 
Corticosteroids may mask some signs of infection; new 
infections, decreased resistance, and inability to localize 
infection may occur. Prolonged use of corticosteroids may 
produce posterior subcapsular cataracts and glaucoma 
with possible damage to optic nerves and may enhance 
the establishment of secondary, fungal or viral ocular in- 
fections. 


Usage in pregnancy: In pregnancy, nursing mothers, or 
women of childbearing potential, weigh possible benefits 
against potential hazards to mother and embryo or fetus. 
Infants of mothers on substantial doses of corticosteroids 
during pregnancy should be carefully observed for signs 
of hypoadrenalism. 


Elevation of blood pressure, salt and water retentian, and 
increased excretion of potassium may occur with large 
doses of synthetic corticosteriods; dietary salt restriction 
and potassium supplementation may be necessary. All 


corticosteroids increase calcium excretion. Patients on 
corticosteroid therapy should not be vaccinated against 
smallpox and other immunization procedures should not 
be undertaken. Corticosteroids may suppress reactions 
to skin tests. 


In active tuberculosis, use should be restricted to fulmi- 
nating or disseminated tuberculosis and should be in 
conjunction with appropriate antituberculous regimen; in 
latent tuberculosis or tuberculin reactivity, close observa- 
tion is necessary as reactivation of the disease may occur, 
and patients should receive chemoprophylaxis during pro- 
longed corticosteroid therapy. 


Because rare instances of anaphylactoid reactions have 
occurred in patients receiving parenteral corticosteroid 
therapy, appropriate precautionary measures should be 
taken prior to parenteral administration, especially in pa- 
tients with history of drug allergy. 


Precautions: ORAL AND PARENTERAL THERAPY—Drug-induced 
secondary adrenocortical insufficiency may persist for 
months after discontinuation of therapy and may be mini- 
mized by gradual reduction of dosage; in any situation of 


stress occurring during tnat period, hormone therapy 
` should be reinstituted. If patient already is receiving ste- 
roids, dosage may have to be increased. Since mineralo- 
corticoid secretion may be impaired, salt and/or a 
mineralocorticoid should be administered concurrently. 


In hypothyroidism and in cirrhosis, there is an enhanced 
effect of corticosteroids. Use cautiously in patients with 
ocular herpes simplex for fear of corneal ulceration and 
perforation. 


The lowest possible dose should be used, and when re- 
duction in dosage is possible, it must be gradual. Psychic 
derangements may appear, ranging from euphoria, in- 
somnia, mood swings, personality changes, and severe 
depression to frank psychotic manifestations, and existing 
emotional instability or psychotic tendencies may be ag- 
gravated. in hypoprothrombinemia, use aspirin cautiously 
in conjunction with corticosteroids. 


Use with caution in nonspecific ulcerative colitis, if there 
is a probability of impending perforation, abscess, or other 
pyogenic infection; also in diverticulitis, fresh intestinal 
anastomoses, active or latent peptic ulcer, renal insuffi- 
ciency, hypertension, osteoporosis, and myasthenia gravis. 
Fat embolism has been reported as a possible complica- 
tion of hypercortisonism. An ulcer regimen including an 
antacid should be ccnsidered as a prophylactic measure 
during prolonged therapy. 


Growth and development of infants and children on pro- 
longed therapy should be carefully followed. Motility and 
number of spermatozoa may be increased or decreased. 
Diphenylhydantoin may enhance the rate of metabolism 
and clearance of corticosteroids, and this may increase 
steroid dosage requirements. 


ORAL THERAPY—Dosage must be individualized according 
to severity of disease end response of patient. Blood pres- 
sure, body weight, routine laboratory studies, including 
2-hour postprandial blood glucose and serum potassium, 
and a chest x-ray should be obtained at regular intervals 
during prolonged therapy. Upper G.I. x-rays are desirable 
in patients with known or suspected peptic ulcer disease. 
Continued supervision of patient after cessation of corti- 
costeroids is essential, since there may be a sudden re- 
appearance of severe manifestations of disease for which 
patient was treated, 


PARENTERAL THERAPY--The injectable form is sensitive to 
heat and should not be autoclaved when it is desirable to 
sterilize the exterior of the vial. Intra-articular injection 
may produce systemic as well as loca! effects. Appropriate 
examination of any joint fluid present is necessary to ex- 
clude a septic process. Marked increase in pain accom- 
panied by local swelling, further restriction of joint mo- 
tion, fever, and malaise are suggestive of septic arthritis; 
if this complication occurs and diagnosis of sepsis is con- 
firmed, appropriate antimicrobial therapy should be in- 
stituted. Local injection of a steroid into an infected site is 
to be avoided, Should not be injected into unstable joints. 
Patients should be impressed strongly with the impor- 
tance of not overusing joints in which symptomatic bene- 
fit has been obtained as long as the inflammatory process 
remains active. The slower rate of absorption by intra- 
muscular administration should be recognized. 


Adverse Reactions: ORAL AND PARENTERAL THERAPY-—Fluid 
and Electrolyte Disturbances: Sodium retention; fluid re- 
tention; congestive heart failure in susceptible patients; 
‘potassium loss; hypokalemic alkalosis; hypertension. 
Musculoskeletal: Muscle weakness; steroid myopathy; 
loss of muscle mass; osteoporosis; vertebral compression 
fractures; aseptic necrosis of femoral and humeral heads; 
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oP 
pathologic fracture of long bones. Gastrointestinal: beptif 

ulcer with possible subsequent perforation end hemor-.-” 

rhage; pancreatitis; abdominal distention; ulcerative a 
esophagitis. Dermatologic: Impaired wound healing: thins. — 
fragile skin; petechiae and ecchymoses; érythema; in^ 
creased sweating; may suppress reactions to, skin’ tests; .- 
other cutaneous reactions. Neurologic: Conveisiong;. in- 
creased intracranial pressure with papilledema. (pseudo- ` -> 
tumor cerebri) usually after treatment; vertigo; Headache. =... 
Endocrine: Menstrual irregularities; development of cush- a 
ingoid state; suppression of growth in children; seconéary 

adrenocortical and pituitary unresponsiveness, particu- 

larly in times of stress, as in trauma, surgery, or illriess; 

decreased carbohydrate tolerance: manifestations of ta- .- 
tent diabetes mellitus; increased requirements for insulin 
or oral hypoglycemic agents in diabetics. Ophthalmic: = ~ 
Posterior subcapsular cataracts; increased intraocular. - 
pressure; glaucoma; exophthalmos. Metabolic: Negative”: 
nitrogen balance due to protein catabolism. =< ~ 7) g i 


PARENTERAL THERAPY—Hypotensive or shock-like reaction” 
hypersensitivity; thromboembolism; burning or tingling;-- 
especially in the perineal area (after IV injection): rare int... 
stances of blindness associated with intralesional therapy: — 
around the face and head; hyperpigmentation or. hypo- A 
pigmentation; subcutaneous and cutaneous atropry;sster i 
ile abscess; postinjection flare (following intra- e 
use); Charcot- like arthropathy. 


pa 


How Supplied: Tablets in four strengths: 1. 5 më: de p 
methasone, in bottles of 50; 0.75 mg dexamethasone, in. 
5-12 PAK® (package of 12), single-unit packages of 100, — 
and bottles of 100 and 1000; 0.5 mg dexamethasone, in-’: ~ 
bottles of 100 and 1000; and 0.25 mg, in bottles. of 100. 
Injection, in 1-m! disposable syringes and 1-ml, 5-mi, anc. 
25-m! vials, containing per mi: dexamethasone sodium 
phosphate equivalent to 4 mg dexamethasone phosphate 

or 3.33 mg dexamethasone, 8 mg creatinine, 10 mg. so- 
dium citrate, sodium hydroxide to adjust pH, water for 
injection q.s. 1 ml, and 1 mg sodium bisulfite, 1.5 mg 
methylparaben, and 0.2 mg propylparaben added as pre- 
servatives. 


For more detailed information, consult your MSD repre- 
sentative or see full prescribing information. Merck Sharp 
& Dohme, Division of Merck & Co., INC., West Point, Pa.. 
19486 


Tablets 


DECADRON’ 
(Dexamethasone|MSD) 


Injection Phosphate 


DECADRON’ 


(Dexamethasone Sodium 
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i — kffects of Hyperventilation. and; 


— and Cerebral Oxygen — 


Eighteen anesthetized baboons were studied to determine the 
effects of passive hyperventilation and phlebotomy on oxygen 
transport. After 1 hour of hyperventilation a significant in- 
crease in the red cell affinity for oxygen occurred in vivo. This 
was not associated with any significant changes in cardiac out- 
put, oxygen consumption, or in lactic acid production. There 
Was a 40% decrease in cerebral blood flow, a 10 mm Hg 
decrease in the pulmonary artery Po, level, and a 17 mm Hg 
decrease in the jugular venous Po, level. After 1 hour of 
hyperventilation, the plasma inorganic phosphorus level 
decreased significantly, the red cell ATP level decreased 
slightly, and the red cell 2, 3 DPG level increased significantly, 
indicating that inorganic phosphorus had been removed from 
the blood during hyperventilation. Passive hyperventilation 
was maintained, and the baboons were bled 32% of their red 
cell volume. The blood volume was partially restored with non- 
buffered isotonic saline. One hour after the phlebotomy and 
volume restoration (2 hours of hyperventilation) there were no 
changes in oxygen consumption, cardiac output, cerebral blood 
flow, or blood lactate levels, but the pulmonary artery Po, level 
was decreased by 15 mm Hg, and the jugular venous Po; level 
was decreased by 20 mm Hg. Systemic oxygen consumption 
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Phlebotomy in Baboons: ` 
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was not affected by the significant decrease i in pulmonary“: 


artery Poz. 

XYGEN ` transport is influenced by ventilation, car- 
O diac output, red cell mass, and red cell affinity for 
oxygen. It is impaired by. an increase in red cell affinity for 
oxygen in vivo and a decrease in red cell mass.:The red cell 
oxygen affinity in vivo is influenced by blood pH and Pco, 
levels, and by red cell adenosine triphosphate (ATP) and 2, 
3 diphosphoglycerate (2, 3 DPG) levels, 13113182 We 
studied the systemic and cerebral oxygen transport in 
anesthetized baboons that were passively hyperventilated to 


increase the red cell oxygen affinity in vivo and then bled to” . 


reduce the oxygen-carrying capacity. 


ate, 


| Materials and Methods | x 
Eighteen adult male baboons weighing 19-24 kg were 


given 1.5 ml of phencyclidine hydrochloride (Serny- 


lan) and 2 ml of pentobarbital (65 mg per ml) intramuscu- 
larly for sedation, 
maintained by constant. intravenous infusion of pentobarbital. 
throughout the experiment (0.1 mg/kg per minute). Three- 
to 6 mg of curare was given intravenously. Radio-ọpaque 
catheters were placed in the femoral artery, the jugular” 
vein, and the pulmonary artery, and their positions were 
confirmed by x-ray. The catheters were kept open. by 
periodic flushing with an isotonic saline solution containing 
heparin. The femoral artery catheter was connected to a 
recorder via a pre-amplifier,” and the arterial blood 
pressure was monitored throughout the experiment. The 


° Hewlett-Packard, Sanborn Division, Waltham, Mass. 


and that degree of anesthesia . was. - 
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= baboons were ‘intubated and connected to a respirator.° means of an esophageal thermistor probe and was mais 
Duin the base-line period the respiratory rate was 10-15 tained at 87 C by external heat. After 1 hour of hyperver 
per minute with a. tidal volume of 10-15 ml/kg. Hyperven- tilation the animal was bled 1 unit of whole blood (450 m 
e tilation was ‘induced by increasing the minute ventilation 2 from the arterial catheter within 15 minutes. The volurr 
to .5 times. The body temperature was monitored by drawn was immediately replaced by 500 ml of isoton 


* Model 607, Harvard Apparatus Cox Dover Mass nonbuffered saline solution, and an additional 200-400 n 
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Fic. 1. pH, Pco, Poa, and oxygen content measurements in anaerobic samples from the femoral artery, pulmonary artery, and jugular vein. A 
- measurements are given as mean values for 18 baboons. The p values were derived from the paired t-test, and N.S. indicates a nonsignificant change 
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volume of this solutidn was infused during the 
postphlebotomy period in order to maintain the blood 
pressure at near-normal levels. Using a recording 
spirometer in a closed respiratory circuit, the oxygen con- 
sumption was measured before and after 1 hour of 
hyperventilation, and 1 hour after bleeding (2 hours of 
hyperventilation). At the time that oxygen consumption 
was measured, the animal had been breathing about 50% 
oxygen for 15 minutes, the carbon dioxide was absorbed, 
and the oxygen consumption was estimated from the 
reduction in volume of oxygen. The Van Slyke technique 
was used to measure oxygen consumption independently 
by the difference in oxygen content between inspired and 
expired air. | 

From each of the three catheters, anaerobic blood 
samples were drawn in heparinized, gas-tight glass 
syringes before and after 1 hour of hyperventilation, and 1 
hour after phlebotomy (2 hours of hyperventilation). The 
samples were kept on ice, and measurements were per- 
formed within 45 minutes of collection. The pH, Pos, and 
Pco, values were measured by means of the appropriate 
` electrodes calibrated with gases of known composition.’ 
Oxygen content was measured in a fuel-cellf which was 
calibrated with dry air.” A 50 ul aliquot from the venous 
sample was equilibrated for 10 miinutes in an Astrup 
microtonometer with a humidified gas mixture containing 
30% oxygen, 5% carbon dioxide, and 65% nitrogen, and 
the oxygen content was measured. This value represents 
the oxygen-carrying capacity. The oxygen saturation was 
calculated from the actual oxygen content arid the oxygen- 
carrying capacity with correction for the oxygen dissolved 
in the blood. From the measured Pos and the calculated 
oxygen saturation, the Ps value was calculated using the 
Hill equation: O, Sat. = K(Popn/l + Pon) and assum- 
ing an n value of 2.7 (in accordance with in vitro findings 
of the oxyhemoglobin dissociation curve of baboon blood). 
The Psp values for samples from the jugular venous and the 
pulmonary artery blood did not differ significantly. The 
average variation between the two Ps values was less than 
1.8 mm Hg, so the two were combined and reported as the 
average value. Samples with oxygen saturation values of 
less than 25% and greater than 75% were not used in the 
study. 

Heparinized blood was collected for measurement of red 
cell 2,3 DPG, ATP, and inorganic phosphorus levels as 
previously described.” Blood lactate (umoles per ml whole 
blood) was measured spectrophotometrically."° The red cell 
volume was measured using a “Cr technique.”” The 
hemoglobin mass was calculated from the red cell volume 
and mean corpuscular hemoglobin concentration 
(MCHC). Approximately 75-100 ml of whole blood was 
drawn at each sampling. 


* Instrumentation Laboratory, Lexington, Mass, 
t Lex o: CON, Lexington Instruments, Waltham, Mass. 
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HYPERVENTILATION AND PHLEBOTOMY 


= 1013. 

The cardiac output was calculated from: the. measured- 
oxygen consumption and the difference in oxygen content” 
between the blood obtained from the femoral artery and 4 
pulmonary artery. Cerebral blood flow wias calculated from. ” 
the assumed constant cerebral oxygen’ consumption and 
the measured difference in oxygen content between the 
femoral artery and jugular vein. 


Results 


Effects of Hyperventilation 


Figure 1 shows the pH, Pos, Pcos,. and oxygen content”: 
measuremients in blood from the jugular v vein, ulna 2 | 


yea wt 


venous blood was decreased by 7 mm. o Hg: (Pig. 2): ae: = 
was no significant change in systemic oxygen exttaction’. . 
(Fig. 3) or in oxygen consumption (Fig. .3).. When. thë (Ox : 
ygen consumption and oxygen extraction ‘were. constant, ay 
arid the red cell oxygen affinity was increased. in vivos: ‘the J 
samples from the pulmonary artery showed:'a dectéase ‘of a 
about 10 mmi Hg in the mixed venous Poz (Fige ‘ly? The 
significant increase in oxygen extraction by the. brain ii ey. 
the difference between oxygen content of femoral attery a 


ACTUAL 
p50 
(mm Hg) 





PRE LHR. POST LHR. POST: 
: HYPER- PHLEBOTOMY. ; s 
) VENTILATION 3 


L- HYPERVENTILATION ae 


Fic. 2. Changes in red cell oxygen affinity after 1 hour of hyperventilation, | - 
and l hour after phlebotomy and partial restoration of the blood volume:(2 | 
hours of hyperventilation). The P, value was calculated from the measured 
Po, and the measured oxygen saturation. The Py» value represents the Po, . 
at which 50% saturation of the hemoglobin occurred at the in vivo con- 
ditions, Measurements in the samples from the jugular vein and pulmonary. 
artery are reported as mean values. 


e v Byes 

e'e t — — 
c£ uae -= et oO’ 
— * 

ues, — 

s vz 

= i 7 v Ye oa * — b 


VALERI AND OTHERS 





HO Ann. Surg. « January 1975 
: ie blod: — a: jugular venous blood) dung JJ l SEM > 
£ (Pig 8): ‘was associated with a 17 mm Hg decrease iri the (n=I8) IDO L Mlolic 
“jugular” venous Po; (Fig. 1) and a 40% decrease in cerebral | | — 
blood flow. The arterial blood pressure decreased slightly ARTERIAL | 5 RO 
<. during, hyperventilation, but there was no change in the BLOOD a be 
heatt rate (Fig. 4): PRESSURE {O00 : —— 8° 
There was a significant correlation between pH and Pyp ee) | 
“both before and after hyperventilation (Fig. 5). In all ee? ‘ — 
studies a Bohr correction factor (A log P.o A/ pH) of —0.49 
— 0. 05. (standard deviation (S.D.)) was calculated from the 50 
— =P, measurements before (mean 34.7 mm Hg + 3.1 S.D.) 150 
ee after hyperventilation (mean 27.7 mm Hg -+ 3.7 S.D.): 
.,» Some of the baboons were anemic at the beginning of HEART RATE 


the experiment, and there was a significant negative cor- 


elation between the degree of anemia and the red cell 2, 3 (Beats Mii 


lOO 


. DEG level (Fig. 6), but no such correlation between the P PRE "1 HR. POST 1 HR. POST 
Value’ and the arterial oxygen content. The red cell ATP HYPER-- PHLEBOTOMY 
* Fand. 2,8 DPG and blood inorganic phosphorus values that VENTILATION l 


are “reported for each sampling period dre the mean values 
“for samples from the pulmonary artery, femoral artery, and 
ai jugular vein. There was a 50% decrease in the blood in- 
rganic phosphorus level after 1 hour of hyperventilation, 
a slight insignificant decrease-in the red cell ATP level, and 
„a sinall but significant increase in red cell 2, 3 DPG (Fig. 7 


— HYPERVENTILATION a 


Fic, 4. Femoral artery blood pressure and heart rate before and after 1 hour 
of hyperventilation, and 1 hour after phlebotomy and blood volume 
restoration (2 hours of hyperventilation). 


atid Table 2). There. were no significant ‘changes in the 
blood lactate levels in samples from the femoral artery, 
pulmonary artery, or jugular vein after 1 hour of hyperven- 
tilation. 


O2 CONSUMPTION 
(mi /min/kg ) 


CARDIAG OUTPUT 
{ml/min /kg) 


EM. 
p SEM. 





Oo CONTENT (a-v), m / 100 m! Whole Blood 
{JUGULAR VEIN } {PULMONARY ARTERY) 





PRF 1HR. POST 1HR. POST PRE 1 HR. POST. 1HR. POST 
HYPER- PHLEBOTOMY HYPER- PHLEBOTOMY 
VENTILATION VENTILATION 
HYPERVENTILATION HYPERVENTILATION 


Fic. 3. Cardiac output and oxygen consumption after 1 hour of hyperven- 
tilation, and 1 hour after phlebotomy and blood volume restoration (2 
hours of hyperventilation). The differences in oxygen content between the 
femoral artery and pulmonary artery and between the femoral artery and 


jugular vein are shown. 


Effects of Phlebotomy 


One hour. after phlebotomy (2 hours of hyperventilation) 
the blood pH decreased significantly whereas the Pco- was 
constant (Fig. 1). ‘There was no significant change in the 
systemic or cerebral oxygen extraction (Fig. 3). There was 
a significant increase in the Psp. value 1 hour after 
phlebotomy (2 hours of hyperventilation) (Fig. 2). The 
amount of hemoglobin bled constituted about 32% of the 
total hemoglobin mass (Table 1), and the oxygen content 
of the arterial blood was reduced by about 28% (Fig. 1). 
The oxygen consumption remained constant (Fig. 3). 
Replacement of the shed blood with 1% to 2 times the 
volume of isotonic nonbuffered saline solution produced | a 
10 mm Hg fall in blood pressure and a-20% increase in 
heart rate (Fig. 4). One hour after phlebotomy the 
pulmonary artery and jugular venous Po, values decreased 
significantly (Fig. 1). There were no significant changes in 
the lactate levels in the blood from the femoral artery, 
pulmonary artery, or jugular vein. : 

Discussion 

As in man, the red cell affinity for oxygen in the baboon 
is regulated by hydrogen ion, carbon dioxide, and red cell 
2,3 DPG and ATP. The actual Pss value represents the red 
cell affinity for oxygen at the in vivo’ conditions of 
temperature, blood pH, carbon dioxide, and the red cell 2, 
8 DPG, ATP, and inorganic: phosphorus levels. The in- 
crease in red cell oxygen affinity in vivo produced by_ 


hyperventilation was associated with decreases in carbon 
dioxide and hydrogen ion concentrations, a slight insignifi- 
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Fic. 5. Relation between actual Ps, value and venous blood pH prior to 
and after.1 hour hyperventilation. The measurements in the samples irom 
the jugular vein and pulmonary artery are reported as mean values. 


T.80 


cant decrease in the ATP level, and a small but significant 
increase in the red cell 2, 3 DPG level. The calculated 
Bohr correction factor of —0.49 was similar to that of 
+0.52 observed in human blood in vitro.” There was a 
decrease in red cell affinity associated with a decrease in 
blood pH 1 hour after phlebotomy. The decrease in blood 
pH was not accompanied by an increase in the blood lac- 
tate level. . 

The slight decrease in red cell ATP, and the small in- 
crease in red cell 2, 3 DPG during hyperventilation (Fig. 7) 
probably reflected the combined effects of pH and in- 


RED CELL 2,3-DPG 
( umoles/g.Hb) 


Fic. 7. Red cell ATP and 2,3 
DPG levels and whole blood 
inorganic phosphorus level 
after 1 hour of hyper- 
ventilation, and 1 hour after 
phlebotomy and blood 
volume restoration (2 hours 
of hyperventilation). 
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organic phosphorus on red cell metabolism. An increase’ in, 
red cell pH in vitro produces an increase in red. ‘cell: 2,37 
DPG and a decrease in ATP.” Haldane et al.* reported % a 
rapid and significant reduction in both the plasma concen⸗ 
tration and the urinary excretion of inorganic phosphorus 
after hyperventilation. Similar findings were reported by 
George et al,” who suggested that the inorganic 
phosphorus was used by red cells to increase their ATP and 
2, 3 DPG levels. However, our results reported in Table 2 
suggest that during hyperventilation inorganic phosphorus 
left the blood and was taken up by other tissue.” 

We found a negative correlation between the baseline 


(n=18) 


RED CELL ATP P; 
( umoles/g. Hb) (mg/lOOml W.B.) 
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— — Biood Volime and Red Cell Mass Prior to Phlebotomy, 
— and Amount of Hemoglobin Bled 
Blood Value - eeN Hemoglobin Percent of Original 
_ {mi} - Mass (g) Bled (g) (%) 
3 110+ 246. F 89.7 £ 27.6 41.8 + 8.6 32.4 + 5.9 
n = 18 


Mean += — 


red ell 2, 3 DPG level and the arterial oxygen content: 


— —— 


— correlation between the hemoglobin concentra- 


ee and the red cell 2, 3 DPG level.** There was no cor- 


relation. between the 2, 8 DPG level and the red cell 

‘affinity for oxygen in vivo (Figs. 2 and 7). 

“~-= The -increase: in red cell oxygen affinity produced by 
> hyperventilation did not affect the systemic oxygen extrac- 
Hons oxygen consumption, or cardiac output (Fig. 3). 

An increase in red cell oxygen affinity accompanied by a 

* “constant oxygen extraction produced a decrease in the mixed 
vengdus Po, (Fig. 1). Cain* who studied the dog, and 
Riggs. et al.™® who studied the rhesus monkey, reported that 
_ passive“ hyperventilation increased oxygen consumption. 
_ However, in our study of the baboon we found no signifi- 
“cant ‘change in oxygen consumption. ' 

No significant changes were observed in systemic oxygen 

“extraction, oxygen consumption, or cardiac output 1 hour 
after acute reduction in red cell volume and partial restora- 
tion of the blood volume with a crystalloid solution (2 
hours of hyperventilation). Other investigators have re- 
ported increased cardiac output when the subjects had 
an anemia of 6 g of hemoglobin or less per 100 ml of blood 
or when the hematocrit value was 20 V% or less.” 
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In our study the pulmonary artery Po, level reflected the 
blood flow and oxygen extraction. Although a decrease in 
pulmonary Po, of about 15 mm Hg occurred 1 hour after 
phlebotomy (2 hours of hyperventilation), the cardiac out- _ 
put was unchanged. The systemic. oxygen consumption . 
remained constant throughout the experiment, and we. 
assumed that the oxygen consumption by the brain did 
likewise. The significantly increased oxygen extraction by 
the brain during hyperventilation (Fig. 3) indicated a 40% 
reduction in cerebral blood flow. A 7 mm Hg increase in 
red cell affinity for oxygen in vivo and a 40% decrease in 
cerebral blood flow led to a 17 mm Hg decrease in jugular 
venous Po. This was greater than that found in the 
pulmonary artery which contains mixed venous blood from 
the entire body (Fig. 1). These findings agree with those of 
other investigators on the effect of carbon dioxide on 
cerebral blood flow.” One hour after phlebotomy and par- 
tial restoration of the blood volume (2 hours of hyperven- 
tilation), there was no change in cerebral blood flow. 

Guyton® has suggested that the Poz in the arterioles . 
directly affects the smooth muscle cells in the vessel wall 
and regulates local blood flow. In our study, the increased 
red cell affinity for oxygen in vivo and decreased oxygen- 
carrying capacity produced decreases in Poz in the -blood 
obtained from the pulmonary artery and the jugular vei, 
but this decrease had no significant effect on cardiac out- 
put or cerebral blood flow. Our findings of decreased Po, 
levels in blood obtained from the pulmonary artery, nor- 
mal oxygen consumption, and normal blood lactate levels 
support the observations of Chance and associates’ that 
normal mitochondrial activity is maintained at very low 
Pog tensions. 


TasLe 2. Effects of Hyperventilation on Plasma and Red Cell Organic and Inorganic Phosphate Compounds 


Inorganic Inorganic Red Cell 2,3 DPG Red Cell ATP Inorganic Phosphate 

Phosphate Phosphate Phosphate Phosphate and Organic Phosphate 
(mmoles/1 plasma) {mmoles/1 RBC) (mmoles/1 RBC) (mmoles/1 RBC) {mmoles/1 RBC) ~ 

Pre 

2.0 +0.8 1.9+0.9 11.9. +2.2 4.1.+40.9 17.9 +£2.1 — 

: l Hour Post Hyperventilation ao 

12 + 0.5 0.9 + 0.4 12.9 + 2.0 3.8 + 0.9 17.6 +2.1 

Mean + S.D., n = 18. 
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Physiologic Effects of Transfusing Red Blood Cells With High or 
So Low Affinity for Oxygen to Passively Hyperventilated, 


"Anemic; - passively hyperventilated baboons were given 
-preseryed red blood cells either with increased or witk slightly 
reduced affinity for oxygen to restore the red cell volume. In the 
‘high affinity group there was a 50% increase in cerebral blood 
flow immediately after the transfusion, but there was n= signifi- 
cant’ ‘change in the low affinity group. The cardiac output 
decreased slightly in the low affinity group, and ircreased 
slightly but insignificantly in the high affinity group. Tyo hours 
after transfusion the cerebral blood flow had returned tc normal 
in the high affinity group. In both groups there was a decrease in 
arterial blood pH and an increase in Po, in blood fom the 
pulmonary artery and the jugular vein after transfusiom A 40% 
restoration of the 2,3 DPG level occurred within 4 houzs of the 
transfusion of red cells with high affinity for oxygen, ind this 
rapid increase was associated with increases in blood pE and in- 
- organic phosphorus levels. Preserved red cells with higk affinity 
‘for oxygen and low 2, 3 DPG levels significantly increesed the 
cerebral circulation during the 2-hour posttransfusion period. 
| These findings lend support to the recommendati-n_ that 
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preserved red cells with normal or elevated 2,3 DPG levels be 
administered to patients in hemorrhagic or septic shock, and to 
patients subjected to extracorporeal circulation during cardiac 
surgery in order to lessen the demand for increased blood flow 
and to ensure adequate tissue oxygenation during the post- 
operative period. 


HE PURPOSE of red blood cell transfusion is to increase 
To oxygen-carrying capacity and oxygen delivery to 
tissue. The oxygen-carrying capacity is increased when the 
red cell volume is increased after transfusion. The oxygen 
delivery to tissue, on the other hand, is influenced by the af- 
finity for oxygen of the preserved red cells. Valtis and Ken- 
nedy” in 1954 described the dissociation between the 
oxygen-carrying and releasing properties of preserved red 
cells. Red cells stored at 4 C in ACD for 7 days maintain their 
ability to circulate and carry oxygen, but their ability to 
release it is impaired. In 1967, Benesch and Benesch! 
and Chanutin and Curnish? reported the importance of red 
cell 2,8 DPG in the oxygen transport function. . 

When red blood cells are stored for more than 2 weeks in 
the liquid anticoagulants, acid-citrate-dextrose (ACD) and 
citrate-phosphate-dextrose (CPD), they become depleted of 
2,3 diphosphoglycerate (2,3 DPG) and have increased red 
cell affinity for oxygen,“ resulting in impaired oxygen 
transport function. In a study of 20- to 40-year-old stable, 
anemic patients with traumatic injuries, the transfusion of . 
preserved red cells with increased affinity for oxygen 
produced an increase in cardiac output during the 4-hour 
posttransfusion period.’® Since patients with anemic hypoxia- 
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Taste 1. Composition of Rejuvenation Solution® 
Pyruvic Acid 11 g/l = 100 mmoles/I 
Inosine 26.8 g/l = 100 mmoles/! 
Na,HPO, 28.4 g/l = 200 mmoles/] 
Adenine 0.675 ¢/l1= 5 mmoles/] 
Glucose 18.0 g/l = 100 mmoles/} 
NaCl 9.0 1=150mmoles/] 
BH 7.2.7.8: 


° 50 mi of this mixture was added to a unit of blood. 


who require therapeutic transfusion usually have 2,3 
DPG levels elevated to 1% to 2 times normal," they should 
receive preserved red cells with 2,3 DPG levels most similar 
to their own. The 2,3 DPG and adenosine triphosphate 
(ATP) levels of preserved red'cells can be restored to normal 
or even elevated by incubating the red cells in a pyruvate, 
inosine, glucose, phosphate, adenine (PIGPA) 
solution. §,11,15,17,18 

We studied baboons to Seienn the dolort — 
of the transfusion of red cells with low 2,3 DPG levels and 
increased affinity for oxygen, and red cells with: slightly 
elevated 2,3 DPG levels and decreased affinity for oxygen. 
Baboons were used because their red cells are similar to 
those of man. with regard to regulation of red cell 
metabolism and oxygen affinity,” and primates have an in- 
ternal jugular vein that receives blood exclusively from the 
brain.” The anesthetized baboons were passively hyper- 
ventilated to produce hypocapnia and alkalosis which, in 
turn, produce a decrease in. cerebral blood flow and an in- 
crease in red cell affinity for oxygen. They were then acutely 
bled one-third of their red cell volume. The blood volume 
was partially restored with sodium chloride solution, and 
hyperventilation was maintained throughout the study. We 
studied preserved red cells with increased affinity for oxygen 
and with slightly reduced affinity for oxygen: to determine 
their ability to correct an anemic state in passively hyper- 
ventilated, normotensive baboons. The observations 
reported are for the first 4 hours after transfusion. 


Materials and Methods 

Recipients . 

Five baboons were transfused with red cells having 
slightly reduced affinity for oxygen and slightly elevated 2,3 
DPG levels; and 6 were transfused with red cells having in- 
_ creased affinity for oxygen and low 2,3 DPG levels. These 11 
baboons were part of a group of 18 reported in a companion 
paper in which the details of passive hyperventilation and 
phlebotomy of the anesthetized baboons are described.’ 

‘The paralyzed, passively hyperventilated baboons were 
phlebotomized 450 ml of whole blood 1 hour prior to 
transfusion. The volume of the phlebotomy was replaced 
first with 500 ml of a nonbuffered isotonic saline solution 
and then with a 200-400 ml] volume of the same solution, 
but this did not restore the blood volume completely. Ap- 
proximately 300-350 ml of washed, concentrated preserved 


TABLE 2. Data on Transfused Baboon Red Cells `. 


Washed 


Plasma pH 
387 C 
Washed - Pre 


RBC pH 
37 C 


Pre 


Washed 


ATP 
(umoles/g-Hb) 


Pre 


Washed 


2,83 DPG. 
{umoles/g Hb) 


Bellingham 
Pro 
Pre 


Red Cell: 
Hemoglobin 
(g) 


Volume 
(ml) 


EFFECTS OF TRANSFUSING RED BLOOD CELLS 


Non- Rejuvenated. ' 
2:7 
2.2 
0.8 
6 


6 


2.8. 
2.0 


0.8 


= 6 


Storage at 4 C (Days): 14 + 1, n 
347 83.4 
65 26.9 


Mean 
S.D. 
S.E 

n 


1.5 
5 


Rejuvenated -With PICPA 
18.2 
3.7 


4.6 
2.7 
1.2 

5 


78.9 
20.7 


):1243,n=5 


302 - 
63 


Storage at 4 C (Days 


Mean 
S.D. 
S.E 

n 


Fresh Heparinated Baboon Blood ` 
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"red aik oa value of about 75%) were given in- 
‘travenously under 100 mm Hg of pressure. The transfusion 
rwas3completed - «within 15 minutes. Blood samipes were 
“drawn: ‘frém the. femoral and pulmonary arteries end from 
the jugular vein: Samples were drawn immediately after 
transfusion, and 2 and 4 hours later. A total of 75-300 ml of 
; whale: - ‘blood: was- drawn during each sampling period. 
Angetobically ‘eollected blood samples were obtained to 
measure. the pH; Poz, Pcos, oxygen content, and oxygen- 
carrying capacity. ‘8 The oxygen saturation of hemoglobin 
‘and the, in vivo Ps value of the mixed venous blcod were 
: measured.®. Blood was collected in heparin for red cell 2 3 
“DPG, ATP, lactate, and inorganic phosshorous 
“ médsurements.”> The red cell ATP and 2:3 DPG concen- 
tratiotis reported are mean valués from the three -ampling 
‘sites:. The red. blood cell volume was measured by the *Cr 
technique. Oxygen consumption was measured, and car- 
diac output and cerebral blood flow were calctlated as 
-described in the companion paper.*® 


— 


Tratsfused Blood 


Blood: was collected in CPD and stored at 4 C forabout 14 
ane To produce slightly elevated 2,3 DPG levels and 
slightly reduced affinity for oxygen, the stored red cells were 
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incubated for 1 hour at 37 C with a solution containing 
pyruvate, inosine; glucose, phosphate, and adenine 
(PIGPA) in the concentrations listed in Table 1. A 50 ml 
volume of the solution was added to each unit. After in- 
cubation, the blood was washed with 2 L of isotonic sodium 
chloride solution containing 200 mg% glucose and 200 mg% 
disodium phosphate, with a pH of about 7.6; Previous in- 
vestigatioris have shown that the washing procedure effec- 
tively removes the inosine and adenine.” The stored.red | 
blood cells with low 2,8 DPG levels and increased affinity 
for oxygen were incubated at 37 C for 1 hour without any 
rejuvenation solution and washed as described above. Both 
the: rejuvenated and the nonrejuvenatéd washed red cells. 
had. hematocrit values of about 75%. 

The 24- -hour survival values were not significantly 
different in the liquid-stored washed red cells whether they 
were rejuvenated or not (Valeri, to be published). The 
transfused red cells were type specific. 


Results 
Pertinent: measurements are reported in Table 2. 
Fig. 1 shows the measured values of pH, Pos, Pcds, oxygen 
content; and arterio-venous oxygen content difference. The 
effects of hyperventilation and phlebotomy are reported in 
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Fic. 1. pH, Poz, Pcos, and O; content measurements in anaersbically collected blood from the femoral artery, pulmonary artery, and jugular vein before 
and after transfusion. In the latter two the arterio-venous dif-erences in O: content are included. The effects of hyperventilation and phlebotomy in 18 
baboons are reported, as well as data on transfusions of red zells with low oxygen affinity to 5 baboons and transfusions of red cells with high oxygen 
affinity to 6 baboons. 
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- Fic. 2. Actual Psp values in 
mixed venous blood prior fo 
and for 4 hours after trans- 
fusion. The actual Po value 
is the Pag in mm Hg which 
produced 50% oxygen 
“saturation of the hemo- 
globin at the conga in 
vivo. 


ACTUAL 
p50 
(mm Hg) 


PRE 


the companion paper and also are included in the figures.’ 
Six baboons received red cells with increased affinity for ox- 
ygen, and 5 baboons received red cells-with slightly reduced 
affinity for oxygen. Decreases in blood pH and increases in 
mixed venous and jugular venous Po, occurred when the 
blood Pco; was constant, whether the transfused red blood 
cells had increased or decreased affinity for oxygen. The 
difference in oxygen. content between the femoral artery 
and the jugular vein decreased significantly (p< 0.05, 
paired t-test)’ following transfusion of red blood cells with 


ISO 


SD 
% of 
Fig. 3. Oxygen constimp- HYPER- lOO 
tion prior to and for 4 
hours after transfusion. The VENTILATION 
values are calculated as a VALUE 


percentage of the value ob- 
tained after 1 hour of hy- 
perventilation. 


EFFECTS OF TRANSFUSING RED BLOOD CELLS 


1 HR. 
POST 
HYPER- 
. VENTICATION OTOMY 


POST 


wut? 


Low Affinity Red Cell Te 


(n=5) 
— Fees 





High Affinity Red Cell Tx — — 


POST 


purER. «HOURS POST-TX — — 


HYPERVENTILATION — 


increased affinity for oxygen, but no significant change was 
observed when transfused red blood cells had slightly 
reduced affinity for oxygen (Fig. 1). The difference in ox- 
ygen content between the femoral artery and the 
pulmonary artery increased in all 5 baboons following the 


transfusion of low affinity red blood cells, but there was no 
change in any of the 6 baboons that received high’ affinity. eo 


red cells (Fig. 1). 


Figure 2 shows the changes in red cell oxygen ros in 
vivo before and for 4 hours after the transfusion. -The. Pos” 
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(mm Hg) at which 50% of the hemoglobin is oxygenated at 
the in vivo condition of pH and Pco, is the actual Py value. 
There was no significant change in oxygen consumption 
throughout the study (Fig. 3). Significant increases in the 
systolic and the diastolic arterial blood pressure were found 

_ immediately after the transfusion, but this returned to nor- 
t {nal within: 2 hours after the ‘transfusion (Fig. 4). 

* Conversely, the heart rate decreased immediately after 
transfusion, and returned to normal within 2 hours (Fig. 4): 
_ This was true in both groups to a similar degree. 

The absence of change in systemic oxygen consumption 
| convinced us that cerebral oxygen consumption ‘was con- 
‘stant throughout the study. When oxygen consumption is 

- constant, the blood flow can be calculated from the arterio- 
savendus. difference in oxygen content (Fick principle). Using 
“this approach, the -cerebral blood flow and cardiac output 
Were estimated, and the relative changes are reported in 
. Fig? 5:-The value after 1 hour of hyperventilation was used 
‘as the 100% value. A 50% increase in cerebral blood flow 
ana a slight but insignificant increase in cardiac output oc- 
| ` curred immediately following transfusion of red cells with 
low’2,3 DPG and with increased. affinity for oxygen. Within 
2 hours after’transfusion of high affinity ‘red cells, the 
cerebral blood flow. réturned to the pre-transfusion level. 
' There was no significant change in cerebral blood flow or 
cardiac output following transfusion of red cells with 
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slightly increased 2,3 DPG and with decreased affinity for 
oxygen. Figure 6 shows the changes in the red blood cell 2,3 
DPG and ATP, and the blood inorganic phosphorus levels. 
The lactate levels did not change in either the red blood 
cells with increased affinity for oxygen or those with slightly 
decreased affinity (Fig. 7). 


Discussion 


In this study the Pco, level was maintained at 20 mm Hg 
and the pH of arterial blood was never below 7.56 in either 
experimental group of baboons. 

The actual Ps value was influenced by the red cell 2 3 
DPG and ATP levels, and blood pH and Pcos. It was in- 
creased when there was a decrease in pH or increases in 
ATP and 2,3 DPG, and it was decreased when there was an 
increase in pH or a decrease in ATP and 2,3 DPG. 

The transfusion of red blood cells with low 2,3 DPG levels 
produced a decrease of about 3.0 mm Hg in the actual Pso 
value immediately after transfusion. This decrease reflected 
the low 2,3 DPG level and the decrease in blood pH. 
Immediately after the transfusion of red blood cells having 
slightly elevated 2,3 DPG levels, there was an increase of 
about 5.0 mm Hg in the actual Peo value, reflecting the J 
slightly increased 2,3 DEL level and the decrease | in blood g 
pH. 

Within 4 hours after- transfusion of red air, lei in 2,3 
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*y¢. 5. Cardiac output as calculated from the measured oxygen consump- 
jon and the difference in oxygen content between the femoral artery and 
he pulmonary artery. The cerebral blood flow was calculated from an 
issumed constant oxygen consumption by the brain and the difference in 
»xygen content between the femoral artery and the jugular vein. The 
rebra! blood flow and the cardiac output are reported as a percentage of 
the value obtained after 1 hour of hyperventilation. 


DPG, the level was restored to about 40% of normal (Fig. 
6). This rate of restoration in the baboon is more rapid than 
has been reported in man following the transfusion of stored 
red blood cells low in 2,3 DPG. The alkaline pH and the 
high concentrations of blood inorganic phosphorus produce 
decreases in 2,3 phosphatase activity which, in turn, may in- 
crease the 2,3 DPG level. The baboons that received red 
blood cells with low 2,3 DPG levels had significantly lower 
blood inorganic phosphorus concentrations during the 2- 
hour posttransfusion period than did the baboons that 
received red blood cells with slightly increased 2,3 DPG 
levels; this reflected the utilization of inorganic phosphorus 
associated with increased 2,8 DPG (Fig. 6). 

The increase in the red cell 2,3 DPG level which persisted 
for 4 hours after the transfusion of red cells with slightly 
elevated 2,3 DPG levels was greater than could be at- 
tributed to the donor's level and the recipient's pre- 
transfusion level. One possible explanation is that the 
transfused red cells contained an excess of precursor com- 
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IL, 
pounds for 2,3 DPG synthesis which were converted tor, 8. 
DPG following transfusion. we 
The red cells that had slightly ree 2,3 DPG levels.“ 
also had elevated ATP levels, and the ATP level. increased 
immediately following transfusion (Fig. 6), The: subsoqdéat 
decrease in the ATP level during the 4-hotr posttrans-, 
fusion period was associated with a — inorease in. blood 
PH. eae 
Since oxygen consumption was constant throughs the 
experiment (Fig. 3), we assumed that the brain oxygen’ cdi: * 
sumption was also constant. Changes in arterio- -venous .” 
difference in oxygen content in the systemic and çerebral 
circulation reflected changes in cardiac output and cerebral - 
blood flow. Immediately after transfusion of preserved red | 
cells with increased affinity for oxygen and low 2,3 DPG”. 
level there was a significant increase- of about 50% in 
cerebral blood flow without any change in blood lactate ` 
levels (Figs. 5 and 7). What role the red cell 2,3 DPG level >. 
may have played in the cerebral blood flow increase is not: 
clear. After transfusion of préserved red cells with low 
affinity for oxygen and slightly increased 2,3 DPG level 
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Fic. 6. Red cell 2, 8 DPG and ATP levels, and blood inorganic phosphorus 
levels prior to and for 4 hours after transfusion. 
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Fic. 7. Blood lactate levels in the femoral artery, pulmonary artery, and 
jugular vein prior to and 1 hour after hyperventilation, after 1 hour of 
phlebotomy (2 hours of hyperventilation), and for 4 hours after the 
transfusions of red cells with increased or decreased affinity for oxygen. 


there was no change in the Pco,, and the cerebral blood flow 
did not change. The differences in cerebral blood flow 
between the two groups immediately after transfusion dis- 
appeared within 2 hours, but the differences in red cell 
“affinity for oxygen did not (Figs. 2 and 5). There was an in- 
significant increase in cardiac output after the transfusion of 
red cells with increased affinity for oxygen, but only a slight 
` decrease after transfusion of red cells with decreased affinity 
~ for oxygen (Fig. 5). 
"4 The increase in blood volume following the transfusion of 
_ high-affinity and low affinity red cells produced significant 
_inéréases in systolic and diastolic arterial blood pressure, 
-and’a decrease in the heart rate. An increase in blood 
` préssuré-at constant or decreased cardiac output indicated 
an increase in peripheral vascular resistance. The peripheral 
“vascular resistance decreased during the first 2 hours after 
. transfusion, during which time the blood pressure returned 
4 ‘tto“normal and the cardiac output -was constant. The 
-systemic blood flow changes were much less pronounced 
‘than the cerebral blood flow changes. 
~ -Circulating red cells with increased affinity for oxygen in 
vivo may pose a demand for increased blood flow. They may 
also decrease the mixed venous Po, and tissue Poz. Riggs, 
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Shafer, and Guenter! have reported on the effects of ex- 
change ‘transfusions of autologous red blood cells with low 2,3 
DPG levels and increased affinity for oxygen in rhesus mon- 
keys. They found a significant decrease in the mixed venous 
Po, tension without evidence of acidosis, decreased oxygen 
consumption, or a compensatory increase in cardiac output. 
The mixed venous oxygen tension is influenced by cardiac 
output, red cell mass, and red cell affinity for oxygen. The 
differences between the mixed venous Po, levels in our study 
and those found by Riggs et al.” might be explained in 
part by the differences in red cell mass after the transfusion 
in the two studies. 

Holsinger, Salhany, and Eliot® studied the physiologic 
effect of red cells with low 2,8 DPG and increased affinity for 
oxygen on the canine myocardium. Anterior myocardial in- 
farction was produced in 4 dogs, and after 2 months of 
recuperation, the circumflex coronary artery was partially 
constricted to produce left ventricular failure. The left cor- 
onary artery was then perfused at a constant flow rate with 
preserved red cells depleted of 2,3 DPG and with increased 
affinity for oxygen, producing further cardiac decompensa- 
tion. These investigators suggest that preserved red cells 
with increased affinity for oxygen produced myocardial 
ischemia when a constant coronary blood flow was main- 
tained. | 

Woodson, Wranne, and Detter studied the effect of in- 
creased red cell affinity for oxygen on work performance of 
trained rats. The rats were exchange-transfused with fresh 
heparinated blood, fresh ACD blood, and liquid-stored red 
cells with low 2,3 DPG levels. After exchange transfusion 
with fresh blood, the central venous oxygen pressure 
remained unchanged at 37 mm Hg. After exchange transfu- 
sion with red cells with low 2,3 DPG levels, there was a 
decrease in central venous oxygen tension of about 12 mm 
Hg without any apparent adverse effect, and the working 
ability of the animals was decreased by about 10%. A 
decrease in hemoglobin concentration of 10% produced a 
similar reduction in work performance. 

Since the brain is sensitive to a lack of oxygen,’ the well- 
being of some patients may be placed in jeopardy following 
transfusion of preserved red cells with increased affinity for 
oxygen. When patients are not able to meet the demand for 
increased blood flow, the venous oxygen tension may 
decrease to critical levels. Human red cells can be prepared 
so that they have 1% to 2 times normal 2,3 DPG levels and 
decreased affinity for oxygen; they have excellent posttrans- 
fusion survival and increased oxygen releasing capacity for 
at least 72 hours after transfusion.'”"® Red cells prepared in 
this manner are indicated for patients subjected to extracor- 
poreal circulation during cardiac surgery and for anemic 
patients with myocardial or cerebrovascular insufficiency. 
Preserved red cells should improve oxygen transport im- 
mediately after transfusion without any need for car- 
diorespiratory compensation. 
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Comparison of Filtering Efficiency of Four 


Eiiäent — of debris from stored human blsod prior 


to transfusion has become increasingly important. Tae debris, 
consisting largely of microaggregates of platelets aad fibrin, 
is not effectively removed by passage through a standard 
transfusion filter. This study evaluated the performance of 
four of the currently available small pore in-line blaod trans- 
fusion filters. Filters tested included the Bentley PI-127, the 
Pall Ultipor $Q-40, the Swank In-Line IL-200 and tke Fenwal 
Microaggregate Blood Filter. A standard blood administra- 
tion filter was also tested, the McGraw V-2950. The rate of 
blood flow through the filters was recorded using single and 
multiple units of blood. The screen filtration pressure and 
debris weight of the filtered blood were studied te compare 
effectiveness of filtration. The Swank filter was efective in 
debris removal and maintained good flow rates. Tke Bentley 
and Fenwall filters removed debris nearly as well, Lut had re- 
duction of flow rates after smaller infusions. The Pall filter 
maintained high flow rates but did not remove deoris as ef- 
fectively, particularly with pressure infusion. The standard 


‘£170 u pore blood transfusion filter does not remov= microag- 
5 regatos, 


Ba Sere in more effective in-line filtration of blood 


prior: to transfusion has been generated by re cognition 


r of thé presence of microaggregate material which de- 
$ velops during the period of blood storage.t:2=:81° This 


“debris” consists principally of aggregates of pletelets and 


" fibrin.*3-4:8.10,11 Recent reports suggest that blcod debris 
J plays a role in the pathogenesis of post-traumatic pul- 
5 monay insufficiency.®™ 67.9 


“ Several new in-line filters have been recently Jeveloped 


— To remove these particulate microaggregates from banked 
“blood. This study was undertaken to evaluate four com- 

“mercially available filters, comparing their effectiveness 
in removing debris, the volume of blood that each can 


filter and the flow rates that can be maintained through 


- each filter. 
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Materials and Methods 


The filters compared include: 1) standard blood ad» 
ministration filters ( V-2950, McGraw Laboratories, Di- 
vision of American Hospital Supply Corporation, Glen- 
dale, California); 2) the Bentley Disposable Infusion 
Blood Filter (PF-127, Bentley Laboratories, Inc., Irvine, 
California); 3) the Pall 40 » Ultipor Disposable Blood 
Filter (SQ-40, Pall Corporation, Glen Cove, Long Island, 
New York); 4) the Swank In-Line Blood Transfusion 
Filter (IL-200, Pioneer Filters, Inc., Beaverton, Oregon ); 
and 5) the Fenwal Microaggregate Blood Filter (Fenwal 
Laboratories, Division of Travenol Laboratories, Morton 
Grove, Illinois). 

Units of outdated (21-23-day old) banked human 
blood were obtained from the Blood Bank of Hawaii. 
Blood had been collected in CPD bags and stored at 
4 C. All units of blood were gently agitated by hand 
prior to the testing procedure. 

From each bag 400 cc of blood was filtered through the 
test filters in 100 cc increments. Experiments using either 
single units (400 cc) or multiple units of blood (up to 
1600 cc) were performed. Filters were tested with gravity 
flow and with flow generated by constant pressure of 
150 mm Hg using a pressure infusion bag (Fenwal). The 
number of experiments with each type of filter are shown 
in Table 1 and the volume of blood filtered through each 
filter can be seen in Fig. 1. 

All blood passed first through a standard blood ad- 
ministration filter then through the test filter and through 
a 2-inch length of 4-inch diameter silastic tubing into a 
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TABLE 1.. Number of Filters Tested 
l Standard 
Swank Bentley . Fenwal Ultipor In-Line 

Single Units 
(400 cc in 100 cc 

increments) 
Gravity © 5 — 8 2 
Pressure 8 8 — 8 2 
Multiple Units 
(Up to 1600 cc in 

100 cc 

increments) 
Gravity 3 2 3 0 
Pressure 3 3 2 3 0 


100 cc graduated cylinder. A stop watch was used to time 
each 100 cc flow. 

Ten ce of unfiltered blood was obtained from each bag 
of blood for baseline studies of Screen Filtration Pressure 
(SFP) and Debris Weight (DW) by previously de- 
scribed techniques.® From each 100 cc of filtered blood, 
10 cc was drawn into a — for measurement of SFP 
and DW. 


Results 


. Every bag of stored blood used in the tests had ac- 
cumulated significant amounts of debris, with a high 
debris weight and a control SFP near or exceeding 500 
mm Hg. Flow rates are shown in Fi ig. 1 and post-filtration 
debris weights and screen filtration pressure in Figs. 2 
and 3 respectively. Flow rates through the standard 
blood administration filter were high (Fig. 1). The stan- 
dard filter did not significantly alter DW or SFP (Figs. 
2and 3). 


PRESSURE FLOW 
(150 mm Hg) 


Fic. 1. Flow rates of in- 
line transfusion filters. 
Points represent the 
mean flow rates for the 
final 100 cc of the 400 cc 
filtration between points. 
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The Ultipor filter allowed the highest flow rates whe 
were sustained even with gravity. filtration - of: às- many: ° 


as four units of blood (Fig. 1). The Ultipor was less effen: — 


tive in removing debris than either of. the other’ thie" | 
test filters (Figs. 2 and 3). 

Flow rate was slightly lower initially with the Bentley: a 
Swank and Fenwal filters; however, flow rates wereàđ- `- 
equately maintained through the Swank filters (50: cej“ 
min:) even. after three units of blood under gravity fow 
(Fig. 1). Gravity feed through the Fenwal and Bentley. ` 
filters resulted in markedly reduced flows after.léss than’. 
two units of blood (Fig. 1).- The Bentley, . Fenwal ‘and. 
Swank filters were about: equally ave in. a ; 


debris from the blood (Figs. 2 and 3). 


Pressure infusion of the blood a the capaci 
of all the filters in terms of the volume of blood that. could -. 
be filtered at adequate flow rates (Fig. 1). Both: the : 
Ultipor and Swank filters maintained comparable’ flow. 
rates after 1600 cc of blood. The Fenwal ‘and. Bentley’ 
filters showed flow rates significantly reducéd:after. two 
or three units (Fig. 1), The Swank, Fenwal and Bentley 
filters maintained their efficacy in debris removal (Figs. 2 
and 3). The Ultipor filter demonstrated decreasing effec- 
tiveness of debris removal after filtering three units of 
blood under pressure. 


Discussion 


Considerable evidence now exists that microaggregate 
material in banked blood is a significant factor in the 
development of post-traumatic pulmonary ‘insufficiency. - 
It has been shown that this debris can be effectively re- 
moved from banked blood by inline filtration with small 
pore filters.’ — 
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The blood debris weights and SFP in Figs. 2 and 3 were 
done following passage of blood through various test 
filters. The standard blood transfusion filters have a pore 
size of 170 », which allows microaggregates to pass 
through as shown in Fig. 3. Microaggregate debris par- 
ticles range in size from 10 to 150 y.1° The Ultipor filter is 
a surface filter made up of a polyester mesh with a 40u 
pore size. The Bentley filter combines a surface filter 
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polyester screen and a depth filter of polyester urethane 
foam. The Swank filter is a depth filter made up of packed 
dacron fibers. The Fenwal is a combination of screen, 
reticulated pore and compressed fiber depth filter. The 
Swank and Fenwal filters each have an elevated screen 
situated to block passage of larger clots prior to contact 
with the fine pore compressed fiber. In evaluating filters 
for clinical blood transfusion, a number of interrelated 
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factors must be considered included efficacy of debris 
removal, the volume capacity of each filter and the effect 
of pressure infusion on both flow and filter efficacy. 


Based on the present study, the Pall filter is significantly _ 


less effective in removing debris, has a large filter capac- 
ity and becomes even less effective with blood infusion 
under pressure. The Bentley filter is effective in removing 
debris, maintains this effectiveness with pressure infusion, 
but has a significantly smaller filtering capacity (flow 
rate). The Fenwal filter is effective in debris removal but 
also had reduced flow rate. The Swank filter is effective in 
debris removal, maintains this effectiveness with pres- 
sure infusion and maintains adequate flow rates with 
pressure or gravity infusion. Based on these studies, the 
Swank filter appears superior to any of the others studied. 
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The Association of Parathyroid Adenoma and Non- — 


Thyroid carcinoma was discovered in five of 56 (8.9%) patients 
operated upon for hyperparathyroidism. In only one instance 
was a mass palpated preoperatively. An additional 26% of the 56 
patients had either multinodular goiter or follicular adenomas. 
It is thus important to biopsy. the thyroid nodules which may 
represent malignancy. 


T ASSOCIATION of parathyroid adenoma with me- 
dullary’ carcinoma of the thyroid and phe- 
ochromocytoma is well defined. Less: well known is the 
- association of papillary and follicular adenocarcinoma of the 
thyroid with parathyroid adenoma. In reviewing our ex- 
perience with parathyroid adenomas, we encountered five 
such cases which we submit with a review of the experience 
of others. 

“Ogburn and Black, in 1956, reported one case of papillary 
"carcinoma and three cases of mixed papillary and follicular 
“carcinoma. of the thyroid associated with parathyroid 
adenoma in a series of 230 cases of hyperparathyroidism.® 
“Three of the four were operated primarily for parathyroid 
“Gdenoma. On physical examination two had a single thyroid 
nodule ‘and one had a miltinodular goiter. The relationship 
| was thought to be no more than coincidental. Ellenberg et 
“al, in- 1962, added seven patients with this association in a 
‘seriés. of 93 patients with hyperparathyroidism (7.5%) 2 
“Pathologically, ‘there were five papillary, one mixed 
* papillary and follicular and one follicular adenocarcinoma. 
Trout and-Mulder, in 1972, reported three cases of follicular 
adenocarcinoma. in a series of 30 cases of hyper- 
 parathyroidism.® Krementz et al., in reviewing 100 cases of 
~-hyperparathyroidism, found six unsuspected carcinomas of 
the thyroid.* There were two papillary, two follicular, and 
one sclerosing carcinoma and ore gland had a medullary 
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and Hurthle cell carcinoma in the same gland. Kaplan et al., 
in an autopsy study, found four cases of parathyroid 
adenoma and thyroid carcinoma in 62 cases.’ In 104° 
patients undergoing neck exploration for hypercalcemia, 
five unsuspected thyroid carcinomas were encountered. The 
pathological types were not mentioned; however, no 
medullary carcinomas were found.. 

In reviewing our experience with hyperparathyroidism at 
the University Hospital and the Veterans Administration 
Hospital, we too encountered a seemingly disproportionate 
number of unsuspected thyroid carcinomas (Table 1). Four 
were papillary adenocarcinomas and one was a follicular 
adenocarcinoma. Only one patient was found to have a neck 
mass preoperatively. The follicular adenocarcinoma was 
discovered when a small tissue sample from the fat at the 
lower pole of the thyroid was sent for a frozen section ex- 
amination.. The diagnosis was metastatic follicular 
adenocarcinoma to a lymph node. No masses were found in 
the thyroid and serial sections were done to find .the 
primary. This was the only case where metastatic disease 
was encountered. In none was there an association with the 
degree of hypercalcemia or with duration of symptoms. 
Three were diagnosed on routine screening. The average 
age was 52 years and there were four females.and one male. 
All have been followed in our clinics, on thyroid supression 
therapy and with no evidence of recurrent disease. 

In addition, five of our patients were found to have single 
or multiple follicular adenomas (9%). Nine patients had 
multinodular colloid goiters (16.9%). One patient (L.G.) 
had two follicular adenomas in addition to a papillary 
adenocarcinoma. One patient had lymphocytic thyroiditis. 
These findings are in accordance with those of others.**$ 
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TABLE 1l. : 
Parathyroid Duration of ` 
Patient Age Sex Race Pathology’ Thyroid Pathology Neck Mass Symptoms 
D.M. 55 F B Single chief cell Papillary adenocar- No Six years 
adenoma cinoma n 
zk 40 F WwW Single adenoma Bilateral papillary adeno- Yes “ight months i 
i ye carcinoma : 
W.B. 50 . E Single adenoma Metastatic follicular No None 
Do o3 a y adenoma (nodal metastases )— SMA-l2 diagnosis =~ 
two follicular adenomas ae 
L.G. 53° F W Single adenoma Papillary adenocarcinoma No SMA 12 ——— 
two follicular adenomas 
T.i 62 M W Single adenoma Papillary adenocar- No Nonè 
cinoma i 


Case Reports 


D.M., a 55-year-old white female, presented here in May, 1964, with a 
four-year history of nephrolithiasis and pyelonephritis. She did not have a 
neck mass but had a serum calcium level of 12.3 mg% and a phosphorus of 
1.8 mg%. She refused a neck exploration at that time. In April, 1966, she 
underwent a neck exploration in another state, where two normal 
parathyroids were-removed, along with partial excision of a normal thyroid. 
She returned to our University Hospital in November, ‘1970, where sub- 
total thyroidectomy was performed for papillary adenocarcinoma without 
node involvement. Subsequent mediastinal exploration disclosed a chief 
cell parathyroid adenoma. 

L.L., a 40-year-old white female, presented in Jariuary, 1971, with an 
eight-month history of a left néck mass and dysphagia. She, too, had a 
three-year history of nephrolithiasis. Her serum calcium level was 10.7 
mg% and a phosphorus of 3.4 mg%. At operation she was found to have a 
parathyroid adenoma and several thyroid nodules. Frozen section analysis 
of thyroid tissue disclosed papillary adenocarcinoma bilaterally, and a left 
total and right subtotal thyroidectomy was performed. There was almost 
complete involvement of the left lobe, with capsular invasion but without 
demonstrable vascular involvement. The right lobe contained cystic 
adenocarcinoma, . 

W.B., a 50-year-old black female, presented in July, 1972, with 
cholelithiasis and was found to have a serum calcium level of 12.7 mg%, 
and a phosphorus of 2.4 mg% on a routine SMA-12. There were no neck 
masses. At neck exploration she was found to have a left upper pole 
parathyroid adenoma (800 mgm). The thyroid gland was grossly normal, 
but a left lower pole nodule, submitted as a possible parathyroid adenoma, 
was found on frozen section to be metastatic follicular adenocarcinoma of 
the thyroid. She underwent a left total and a right subtotal thyroidectomy. 
Permanent sections revealed a non-encapsulated follicular adenocarcinoma 
on the left lower lobe with venous and lymphatic invasion. One of five 
lymph nodes were positive. Incidentally, two small follicular adenomas 
were found in the left upper and right upper poles, respectively. 

L.G., a 53-year-old white female, presented in July, 1972, with low back 
pain. Physical examination was unrevealing and a routine SMA-12 
revealed a serum calcium level of 11.8 mg% and a phosphorus of $.6 mg%. 
Intravenous pyelogram, long bone survey and thyroid scan were normal. 
Neck exploration was carried out and a parathyroid adenoma was found 
near the right lower pole. Subtotal thyroidectomy was performed because 
the gland contained multiple nodules. Permanent sections revealed a 3 mm 
well-differentiated papillary adenocarcinoma which was partially encap- 
sulated. No capsular invasion was demonstrated. In addition, there were 
two encapsulated follicular adenomas and several colloid nodules. 
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T.L., a 62-year-old white male, presented in july, 1969 with an SMA 12 
finding of persistent hypercalcemia, the serum calcium. level being LL 5. 
mg% and phosphorus was 1.7 mg%. The neck examination was negative. 


At operation a 5.5 gm parathyroid adenoma was found at the left lower ~ 
lobe of the thyroid gland. The right thyroid lobe contained a nodule which” 


was resected, resulting in a diagnosis of papillary adenocarcinoma. `- 


Discussion 


The role of calcium as a goitrogen is well defined in the 
experimental animal.” The development of thyroid 
neoplasms in rats and mice on the goitrogen thioarea have 
been described.’ The notable incidence of goiter, 
follicular adenomas and thyroid carcinomas in association 
with parathyroid adenomas leads to speculation that they 
are causally related. It is interesting that two of our patients 
had two discrete follicular adenomas in addition to thyroid 
adenocarcinomas. 
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intra-aortic Balloon Counterpulsation: 


Potential for Therapy in Hemorrhagic Shock. 


with Associated Myocardial Failure 


H. J. PROCTOR, M.D., F.A.C.S.,° H. HSIAO, PH.D., JAMES FRY, B.A., CHARLES EBERT, M.D. 


After attaching appropriate monitoring devices enabling the 
measurement of the slope of the left ventricular function curve, 
left atrial pressure, mean aortic pressure, peak left ventricular 
pressure, and tension time index, three groups of ten dogs were 
subjected to varying periods of hemorrhagic shock until a slope 
of their ventricular function curve was reduced to either 75% 
(Group I), 50% (Group II), or 25% (Group III) of their baseline 
value. Resuscitation was attempted in all dogs by the intra- 
venous infusion of shed blood plus additional balanced salt solu- 
tion. This infusate was administered to maintain either the mean 
aortic pressure within 15 mm Hg of the baseline value or a left 
atrial pressure of 15 mm Hg, whichever occurred first. One half 
of the dogs received, in addition, intra-aortic balloon counter- 
pulsation. All dogs not receiving counterpulsation expired 
within two hours. There was no apparent effect of counter- 
pulsation on Group I animals. Three of five animals (Group II) 
-and four of five animals (Group III) receiving counterpulsation 
survived to the end of the experiment with significant (p < .01) 
‘improvement in the parameters monitored. The utilization of 
E “ċounterpulsatión as an adjunct to treatment in hemorrhagic 
: ‘shock is oe 


N“ “REG ENT YEARS the principle of counterpulsation 
"3 I’ has. been an increasingly attractive approach to support- 
‘ing ‘an injiired and failing myocardium. Specifically, intra- 
aortic «balloon counterpulsation (I[ABC) is an effective 
“method. of compensating for myocardial failure following 
myocardial infarction.°**"4 This investigation was under- 
taken to evaluate the potential role of IABC as a therapeutic 
l fiodälity in myocardial failure following hemorrhagic 
' shock.” 1,2,7,10. 
-Ít seemed necessary to determine if the potential degree 
of. Support offered by IABC to the failing heart was a func- 
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tion of the severity of the failure. In this investigation, three, 
different degrees of myocardial failure were created in 
animals to determine the quantitative improvement in myo- 
cardial function associated with IABC and to relate that im- 
provement to improved survival. 


Methods 


Preparation of Animals 


Mongrel dogs in excess of 20 kg were utilized. After 
anesthetization with pentabarbital sodium, all animals were 
intubated and connected to a Harvard respirator. A median 
sternotomy with attachment of an electromagnetic flow 
probe,” pressure monitoring cannulas, and insertion of a 
counterpulsation balloonf in the descending thoracic aorta 
were then performed as illustrated in Fig. 1. This prepa- 
ration enabled the continuous monitoring of right atrial 
pressure (RAP), left arterial pressure (LAP), left ventricular 
pressure (LVP), peak left ventricular pressure (PLVP), 
mean aortic pressure (MAP), cardiac output (CO) and the. 
calculation of peripheral vascular resistance (PVR). Tension 
time index (TTI) was approximated by integrating the area 
beneath the left ventricular pressure curve. A pump-oxy- 
genator circuit as illustrated in Fig. 1 facilitated the infusion 
of oxygenated blood into the left atrium and enabled the 
construction of the slope of the left ventricular function 
curve by plotting change in left atrial pressure against 


° Carolina Medical Electronics. 
ł Westinghouse Model IV Counterpulser, Avco Balloon. 
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Fic. 1. Diagramatic illustration of the experimental preparation. 


change in cardiac output. (Moseley Autograph, Model 2050 
AM X-Y Recorder). 


Experimental Design 


Three groups of ten dogs were studied. After preparation 
of the animals and collection of baseline data as described 
above, an oxygenated mixture of whole blood and balanced 
salt solution was infused into the left atrium for ten seconds 
at a flow rate of 10 ml/sec, and the slope of the resulting 
baseline left ventricular function curve was noted. 

All animals were bled through their arterial cannula until 
the MAP was reduced to 40 mm Hg. The measurements 
described above were successively repeated at 80-minute in- 
tervals. MAP was maintained at 40 mm Hg by intermittent 
infusion or withdrawal of blood until a specific degree of left 
ventricular failure was achieved as measured by a reduc- 
tion in the slope of the left ventricular function curve when 
compared with the baseline slope. The three groups were 
reduced respectively to: Group I, 75%; Group II, 50%; and 
Group III, 25%. 

After the desired degree of myocardial failure was 
achieved in each group, a mixture of shed blood plus 
balanced salt solution was infused intravenously until either 
the MAP returned to within 15 mm Hg of the baseline value 
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or until the mean LAP reached 15 mm Hg. If left atrial 
pressure reached 15 mm Hg before mean aortic pressure 
was within 15 mm Hg of the baseline value, the infusion 
was discontinued until left atrial pressure had decreased to 
10 mm Hg, at which point infusion resumed. The 
measurements. described above were then repeated: After. 
these measurements, each group of ten dogs ‘was. alternately ` 
divided into two sub-groups of five. One sub-group received 
only intermittent volume restoration in an attempt to main- 
tain mean aortic pressure within 15 mm Hg of baseline, 
while the other sub-group received continuous IABC in ad- 
dition to intermittent volume infusion. Measurements were 
continued at 30-minute intervals in all animals for four 
hours or until the death of the animal. - ae 


Results 


The Quantitative Effect of IABC 


The effect of IABC on those parameters describing left.. 
ventricular performance is depicted in Table 1: These data.: 
were collected immediately after initial volume restoration 
and compares animals with and without IABC. Utilizing a 
paired t test, it was shown that in the group with the most 
myocardial failure (Group I), IABC had no statistically sig- 
nificant effect (p > .01) in terms of the parameters 
monitored. One animal in Group I expired during the shock 
period. In both Groups II and III a significant (p < .01) im- 
provement was noted for all parameters with the exception 
of TTI in Group II and TTI and PLVP in Group ILI. PLVP 
was significantly (p < .01) increased in Group IL 

Comparison of the data collected from Groups II and III 
does not seem to indicate any significant quantitative 


difference in the magnitude of the response to IABC oe | 


these groups. 


The Effect of IABC on Survival 
Group I. It required from three to five hours ofM MAP. = 40°" 
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mm Hg to achieve a 75% reduction in the slope of the ven“ 7 | 
tricular function curve. It is evident from Table 1- that | 


neither the infusion of intravenous fluid alone nor infusion. 


of fluid in conjunction with IABC was capable of ‘fully te- i 
storing any parameter to its baseline value. As might’ be exti > 
pected from this lack of response to IABC on the part of% 
Group I animals, there was no prolongation of life noted in : p 
conjunction with IABC, death occurring in all animals in a 


both sub-groups by 90 minutes after the end of the shock. 
period. 

Group II. It required 212-4 hours of MAP = 40 mm Hg. 
to achieve a 50% reduction in left ventricular function: As 
noted in Table 1, IABC had a significant effect upon left 
ventricular performance. This effect appears to be sustained 
for two to three hours and was associated with improved 
survival (Fig. 2). 

All but one animal not receiving IABC support expired 
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Tase l. Response to IABC for Three Degrees of MyocardialFailure 
Group | (75% slope) 
J Baseline š IABC ẽ IABC p 
l aR 105 21.6 30.2 
MAP; vse 3.63 8.18 6.33 >.0l 
——— n 4 4 4 
— X 5:5 16.3 15.8 
LAP + ose 2.83 2.53 2.86 >.01 
— ne 4 4 4 
X 3.25 44 88 
CO OSI 93 19 22 >.01 
n 4 4 4 
es x 142.8 41.3 40.1} 
PLYP s.e 9.65 6.28 5.35 >.01 
ZM n 4.. 4 4 
te 96.6 62.5 68.6 
TTL. se 8.25 4.33 8.69 >.01 
i N 4 4 
Group H (50% slope) 
pe Baseline 3 [ABC č ABC p 
— Xx 98.6 28.7 50.6 
MAP sx 4.46 5.87 4.75 <.01 
l n 5 5 5 
X 6.9 14.9 8.7 
LAP S.¢ 1.92 1.85. 1.02 4.01 
n 5 5 5 
x 2.21 68 1.4] 
CO s.t 57 .16 .39 4.01 
n 5 5 5 
x 133.6 52.8 78.2 
PLYP s.e 8.17 6.82 3.51 <.01 
n 5 5 5 
ï 83 34.8 49.5 
TTI 5.4 7.89 5.87 6.89 ~<.01 
n 5 5 5 
Group HI (25%) slope) 
er, A Baseline 3 [ABC č IABC p 
Pone X 101.5 38.3 65.5 
MAP” s.¢ 5.18 4.28 5.01 =<.01 
noi n 5 5 5 
x 7.8 10.8 8.7 
LAP’ se. 1.35 1.2 99 xol 
D n 5 5 5 
eee X 2.06 „86 1.95 
"OO a "5 46 18 Al x0] 
TEAT 5 5 5 
cn TR 146.2 59.3 68.2 
PLVP ` cse 9.25 7.15 2.88 >.01 
"E n 5 5 5 
E R 75.1 30.8 35.2 
TT o se 8.33 4.80 7.25 >.0] 
SE al 5 5 5 


— within one hour, and the remaining animal expirec two 
“hours after the end of the shock period. All animals ia the 


[ABC sub-group survived more than three hours and hree 
survived beyond four hours. It is apparent that anima s re- 
ceiving IABC fared better than those in the non-IABC sub- 
group. The slope of the left ventricular function curve was 
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significantly (p < .01} improved by IABC. Despite the pro- 
longed survival and improved left ventricular performance, 
neither intra-venous infusion alone nor infusion in con- 
junction with IABC was able to restore the parameters 
monitored to their baseline value. Deterioration in the slope 
of the left ventricular function curve appeared to be delayed 
by IABC. 

Group UI. A 25% reduction in left ventricular function 
was achieved after 2-812 hours of MAP = 40 mm Hg. As in 
Group II, a sustained improvement in left ventricular func- 
tion was noted in the IABC sub-group (Fig. 3). This was 
associated with prolonged survival, with four of five animals 
surviving beyond the four hour experimental period. The 
severity of the preparation is illustrated by the failure of any 
animal in the non-IABC sub-group to survive beyond one 
and a half hours. 

Of particular interest is the single death in the IABC sub- 
group. This death occurred in conjunction with stopping 
counterpulsation to change compressed gas cylinders. Dur- 
ing this ten minute period the mean aortic pressure de- 
creased from 65 mm Hg to 20 mm Hg, cardiac output de- 
creased from 1.25 L/min to less than .20 L/min, left atrial 
pressure rose from 10 to 14 mm Hg, and the animal ex- 
pired, illustrating the dependence upon the counterpulser 
to maintain cardio-vascular dynamics. 

Although not demonstrated by the mean data (Table 1), 
mean aortic pressure and cardiac output were restored to 
their baseline values in three of the five animals utilizing 
IABC plus intravenous infusion; whereas, this was not z ac- 
complished by the infusion of fluid alone. 

It is evident from Figs. 2-4 that the overall course of all 
animals in Groups II and III receiving IABC was nearly 
identical. There was no improvement in TTI and PLVP in 
either Group II or III (Fig. 4). This was confirmed by 
screening the data with multiple t tests. No significant (p > 
.01) difference was noted and further statistical analysis did 
not seem warranted. 


Discussion 


In this study the effect of IABC was evaluated in three 
degrees of myocardial failure referenced to the baseline 
slope of the left ventricular function curve. The sig- 
nificance of this approach is that the variability between 
animals can be reduced. .Note that in each of the three 
groups a variable amount of time was needed to achieve the 
same degree of myocardial impairment. The ability to 
restore ventricular performance in this study can be as- 
sumed to be a function of the efficiency of the IABC system, 
the limitations imposed upon left ventricular performance 
by a failing right heart, alterations in pulmonary vascular 
resistance, and the degree of left ventricular failure present. 

The lack of effect noted in Group I suggests that with ex- 
tended myocardial deterioration due to hemorrhagic shock 
IABC has little if any potential benefit. The data from 
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Fic. 2. Group II animals. Data are expressed as mean + standard error of the mean. Time is expressed in minutes after the end of shock oe 


Groups II and III indicate approximately an equal quanti- 
tative improvement in ventricular performance when [ABC. 
was instituted in the presence of a 25-50% reduction in ven- 
tricular function. This improvement was sufficient to allow 
restoration of cardiac output and mean aortic pressure to 
baseline in three of the five animals in Group III, and 
resulted in prolongation of life in seven of ten of the animals 
in Group II and III receiving IABC. 

Our previous work® in which we noted very little effect of 
IABC when utilized in conjunction with a non-failing myo- 
cardium in the dog, along with the data collected in this 


study, imply that IABC is most effective for a range af: 
25-50% reduction in myocardial performance. This varied, - 
response along with differences in survival associated, with’ 


clinical trials of IABC,**” raise the question as to whether “` % 


selection of patients for IABC by assessment of ventricular ° 


function might improve results. 


A failure to reduce tension time index and peak left x ven- ` ` 


tricular pressure in Groups II and III was noted. This is an 
indication that continued metabolic work on the part of the 
myocardium was not reduced by IABC." In view of the im- 


provement in all other parameters and the prolongation of ` 
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“survival associated with IABC, it is unlikely that this is a re- 
“flection of improper balloon timing. Rather, we believe that 


IABC resulted in a healthier myocardium capable of more 


- work, (perhaps through increased perfusion) with this effect 


- being more evident than any decrease in afterload achieved 


-= by IABC. 


. The principle of IABC treatment rests squarely on the as- 


sumplon that.the myocardial tissue damage can be limited 


and/or restored during IABC. The data show evidence sup- 
porting this assumption. In Groups II and III the insti- 
tution of IABC dramatically changed the rate of decline of 


left ventricular function (Figs. 2 and 3), and caused re- 


versal of the slope toward a normal value for a period of 
time. 

All animals remained balloon dependent during the four 
hours of this study as evidenced by the short survival of the 
non-JABC animals and the one death in the Group I IABC 
sub-group. 

Formal data collection ended after four hours; — 
animals with IABC frequently lived on for an additional two 
hours. ‘In view of the total time for the experiment, the mag- 
nitude of the surgical preparation, and the fact that no at- 
tempt was made to control arterial pO, and acid base sta- 
tus, it is evident that other factors played a contributory role 
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= Three cases of postsplenectomy mesenteric thrombosis, two | 
associated with thrombocytosis, are presented. Experience’ has 


ep 


a 


shéwn; that “persistent thrombocytosis, accompanied ‘by ab- 
normal. platelet function, is not a benign condition and may be 
associated’ with thrombosis. When encountered, post- 
splenectomy thrombocytosis of greater than 800,000 per mm? 
must be evaluated by platelet function ‘studies and anti- 
coagulation begun. Post-prandial cramping abdominal pain may 
be an early symptom of thrombosis, demanding immediate anti- 
coagulation. Low-dose heparin, ASA, and dipyridamole are 
three of the more commonly used treatment modalities. Small 
bowel resection is indicated if thrombosis occurs. 


Moo VEIN THROMBOSIS following splenectomy is 
a rare but often fatal complication which may be 
related to thrombocytosis. Normal platelet counts (140,000- 
440,000 per mm?) routinely will increase 30-100% fol- 
lowing splenectomy, usually reaching 4 maximum 7-20 days 
postoperatively.” Postsplenectomy mesenteric thrombosis 


_.¥ usually has been accompanied by platelet counts in ex- 
‘> eess of 600,000-800,000 per mm**+5 contributing to a post- 
operative hypercoagulable state. Signs, symptoms and se- 
quelae:for three patients with postsplenectomy mesenteric 
— ‘thrombosis are presented, two of whom had platelets in ex- 
- - cess of 1,300,000 per mm’. 


Case Reports 


Case 1. A 26-year-old Puerto Rican dentist with a history of anemia since 


- age 11 was found to have spherocytosis with hypersplenism and was 


` referred for splenectomy. The spleen was not grossly palpable, and the 


` remainder of the physical examination was ‘unremarkable. His pre- 


operative hemoglobin was 8.5 gm%, and his platelet count 399,000 per 


. . mm’. On March 27, 1973, the patient underwent routine splenectomy and 
_ liver biopsy. Initially he did well, with a hemoglobin of 8.3 gm%, a white 


count showing the usual elevation to 25,000 per mm, and a platelet count 
of 515,000 per mm? on his first postoperative day. On his second post- 
operative day his platelets rose to 815,000 per mm*, with hemoglobin and 
white count unchanged. Four days after surgery he was eating a regular 
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diet, which he tolerated well. Two days later he complaihed of an inability 
to pass flatus and of postprandial abdominal distention. Supine and up- 
right films of the abdomen showed. distended loops of colon and small 
bowel, a nonspecific gas pattern, with no evidence of bowel obstruction. 
His platelet count was 1,325,000 per mm?; serum amylase was normal. 

Eight days after operation the patient’s temperature rosé from 100.2°to 
104.6 F and his pulse rose to 240 beats/min. His blood pressure dropped 
from 120 to 60 mm Hg systolic. His hemoglobin had risen to 11.9 gm%, 
and his white count to 31,400 per mm’. Supine and upright X-rays of the 
abdomen showed little small bowel gas, and less gas in the colon than on 
the previous day’s study. The patient was resuscitated with multiple blood 
arid colloid transfusions. An exploratory laparotomy a few hours later showed 
superior mesenteric venous thrombosis with arterial pulsations intact. 
Almost 100% of the small bowel was infarcted. This was resected, and a je- 
juno-right colostomy performed. He expired 36 hours later in irreversible 
shock, which was due to a combination of sepsis, hemorrhage, and “third 
space” fluid accumulation. . 

Immediately prior to surgery, the patient appeared to develop a con- 
sumptive coagulopathy, with platelets dropping to 95,000 per mm’ (Fig. 
1), a Lee-White clotting time of 18 min (normal 8-12 min), thrombin time 
of 21 sec (normal 12 sec), quantitative fibrinogen of 88 mg%- (normal 
170-410 mg%), and fibrinogen degradation products increased to a 1:20 
dilution (normal 1:5 dilution). l 

Case 2. The patient, a 56-year-old gravida IV, para IV, was admitted 
June, 1970, for elective repair of vaginal prolapse. Routine preoperative 
evaluation showed a platelet count of 30,000 per.mm?. After hematologic 
evaluation, splenectomy was advised for her idiopathic thrombocytopenic 
purpura. 

On June 24 her —— was 14.6 gm%, and her platelet count 
42,000 per mm*. She had an elective splenectomy and hiatus hernia repair 
on June 30, 1970. Initially she did well. However, two weeks postoperatively 
she began complaining of vague but generalized abdominal discomfort, es- 
pecially after eating. An upper gastrointestinal series and barium enema 
showed no evidence of intra-abdominal abscess. On July 18 she ex- 
perienced more intense abdominal pain, and her pulse increased to 180 
beats/min. Supine and upright films of the abdomen were interpreted as 
showing ileus. She became progressively more distended; serous fluid was 
aspirated from her peritoneal cavity. At operation 2000 cc of serous fluid - 
was aspirated and 62 cm of gangrenous bowel was found just distal to the 
ligament of Treitz. The gangrenous segment was resected, with a primary 
end-to-end anastomosis, Pathology reported hemorrhage in the mesentery, 
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patient developed a pattern of disseminated intravascular coagulopathy. 


with inflammation and necrosis of the mesenteric veins. The arteries were 
intact. Postoperatively she was given heparin but still complained of mild 
gbdominal pain after eating. 

On July 25 the patient was unable to void, her abdomen became quite 
distended, and her pain increased. Twenty-five hundred ce of sero- 
sanguineous fluid was removed from her abdomen at emergency surgery, 
but no cyanotic or distended bowel was seen. Postoperatively she con- 
tinued to have mild cramping abdominal pain, exacerbated by eating. On 
August 15 her pain increased in severity, and her pulse rose to 160 
beats/min. Laparotomy revealed complete small bowel infarction with 
venous thrombosis. She died on the operating table. 

Case 3. The patient, a 43-year-old white woman, was first noted to have 
an enlarged spleen at the time of a varicose vein stripping in 1959. In 1963, 
she was admitted because of progressive fatigue and epigastric fullness. 
Family history revealed that both parents had died of leukemic, and one 
brother was post splenectomy for myelofibrosis. The patient's platelet 
count was 1,175,000 per mm®, her hemoglobin 12.8 gm%, and her white 
count 8,100 per mm?®. Myelofibrosis was diagnosed on the basis of a bone 
marrow biopsy, and she was started on Myleran and discharged. She was 
readmitted in February, 1967, with abdominal pain and didiculty in 
breathing. Splenomegaly was noted and splenectomy recommended. 
Platelet count at splenectomy was 1,325,000 per mm’. After routine 
splenectomy she was released on Myleran, with the discharge diagnosis of 
myelofibrosis with myeloid metaplasia. 

The patient was readmitted three months later with vague abdominal 
pain, for which no etiology could be ascertained. She was found to have an 
enlarged liver and was discharged. She returned in June, two weeks later, 
with left epigastric pain, which was exacerbated by eating and relieved by 
passing flatus and moving her bowels. In September she developed upper 
gastrointestinal bleeding; massive hepatomegaly and esophageal varices 
were noted. Portal decompression was suggested, but at operation her por- 
tal venous pressure measured 55 cm H:O, and both her middle colic and 
superior mesenteric veins were found to be thrombosed. A shunt was not 
performed, and her abdomen was closed. She was discharged two weeks 
later without complication. 

She was readmitted six days later with massive esophageal bleeding. 
Esophageal varices were ligated, and a perforated duodenal ulcer was over- 
sewn. On her twenty-first postoperative day she again perforated her ulcer, 
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and died five days later. Postmortem examination showed portal vein 
thrombosis extending into the splenic and superior mesenteric veins, 


pulmonary embolus with infarction of the right upper lobe, and myelo- 
fibrosis with myeloid metaplasia of the liver. . 


Discussion 


Historically, Rosenthal"? first described postsplenectomy 
thrombocytosis in 1923, by classifying people with Banti's 
syndrome,” ‘congestive splenomegaly, into two groups. One 
group had low to normal preoperative platelet counts but 
postoperatively experienced a tremendous rise, which: re- 
mained elevated. This group had an increased incidente of 
generalized thrombosis and hemorrhage. i : 

Miller and Hagedorn® reported a high complication rate 
in splenectomy for congestive splenomegaly. Four of 45 pa- 
tients with cirrhosis of the liver developed .thrombosis of 
splenic, superior mesenteric, portal or left gastric veins. 

Barker and co-authors' found a high inciderice of em- 
bolic and thrombotic complications following splendétcmy, | 
when compared to all other abdominal operations per- 
formed. Thrombophlebitis was second in incidence only ta 
that following hysterectomy. Fatal and nonfatal pulmonary 
emboli, and all other emboli and thromboses, occurred most 
frequently following splenectomy. 

In 1963 Hayes‘ reported three cases of systemic throm- 
bocytosis. Two were post splenectomy for hemolytic 
anemia, and both had pulmonary emboli. 

Bull, Zikria, and Ferrer,” in 1964, reported two cases of 
mesenteric thrombosis post splenectomy and reviewed the 
literature, finding two other cases. 

In an attempt to uncover its etiology, Johnson and 
Bagenstoss® have described three major factors affecting 
vascular thrombosis: 1) alterations in blood composition, 


such as reticulocyte proliferation and increase in red: celli- 


hemolysate; 2) stasis of blood; and 8) injury to vessels. ` 
Thrombocytosis is the most common alteration in blood 

composition associated with splenectomy. Lipson and .: 
Bayrd’ demonstrated thrombocytosis in 29% of 119 splenec-’ . 
tomized patients. They found that patients with hemolytic 
anemia or agnogenic myeloid metaplasia displayed a high ` 
incidence of thrombocytosis, presumably on the basis of 
bone marrow stimulation. There are no other diseases for 
which splenectomy has consistently produced thrombo- 
cytosis and thrombosis. Since no relationship exists be- 
tween pre- and postoperative platelet counts, it is difficult to . 


predict which patients will have postoperative throm- | 4 
Hayes and Spurr‘ have proposed that post-. | 


bocytosis. 
splenectomy thrombocytosis is due to loss of important ~ 
splenic properties such as: removal] of senescent platelets; 
production of a humoral factor to stimulate or suppress 
bone marrow megakaryocytes; or a combination of both 
properties, thus allowing a build-up of platelets to occur. 

Hirsch and Dacie® have found a close correlation be- 
tween postsplenectomy anemia and thrombocytosis. They 


suggest that anemia stimulates thrombopoiesis as well as 
erythropoiesis, and that splenectomy in the face of pre-ex- 
isting anemia may cause a persistent thrombocytosis. 

Zucker and Mielke,” in a clinical study, divided thrombo- 
cytosis into three categories; all had similar platelet counts: 
1) réactive thrombocytosis secondary to splenectomy; 2) 
asymptomatic thrombocytosis associated with myelo- 
proliferative disease; and 8) symptomatic thrombocytosis 
with myeloproliferative disease, causing recurrent emboli, 
. hemorrhage, of thrombosis. Bleeding time, platelet ad- 
~hesiveness; and platelet aggregation response to ADP, 
epinephrine, and collagen were normal for patients in cate- 
gory'l, and mildly abnormal in category 2. All those in cate- 
gory 8 had ‘absence of epinephrine-induced platelet ag- 
‘gregation, with resultant increased bleeding time. Platelet 
‘adhesiveness.was decreased in this group, and epinephrine 
‘caused. neither. -platelet aggregation nor activation of 
~splatelet factor III; responses which were normal in the other 
_.two:.groups. :It was their opinion that the response of 
* blåtelets. to: 'ëpinephrine could be used to differentiate those 
with high- risk thrombocytosis from those with asymp- 
tomatic thrombocytosis, at least in those with myelo- 
proliferative disorders. 

Treatment of postsplenectomy thrombocytosis remains a 
controversial topic. Some authors recommend anti- 
coagulation routinely, many use anticoagulants only until 
the patient ambulates, while others anticoagulate routinely 
if the platelet count exceeds 800,000-1,000,000 per mm‘. 
Acetylsalicylic acid** and dipyridamole have been suc- 
cessfully used, while heparin," in doses of up to 100 mg in- 
travenously q 6 hr, has also become popular. The latter, in 
low doses, has been shown to prevent routine postoperative 
decrease in platelet aggregation to ADP.” 

Chemotherapy, using 6-mercaptopurine, P, Busulfan, 


“and: ‘uracil! mustard, has been effectively used for throm- 


. "bocytosis ‘associated with myeloproliferative diseases. In one 
- clinical trial,“ chemotherapy reduced platelet counts and 


‘incidence of pulmonary embolus in four out of five patients 


with symptomatic thrombocytosis. Recently, L-phenyl- 
“alanine ‘mustard has shown promise in the treatment 
of symptomatic postsplenectomy thrombocytosis, and in 
“hemorrhagic thrombocythemia.” 

Mesenteric thrombosis must be considered in any pa- 
tient whose progress is slow post splenectomy. Vague, 
cramping abdominal pain, exacerbated by eating and re- 


lieved by passage of flatus or bowel movement, is a com- 


BALZ AND MINTON 


Ann. Surg. © January 1975 


mon symptom. Depressed bowel sounds, with abdominal 
distention and generalized abdominal tenderness, ac- 
companied by dilated loops of bowel in an ileus pattern by 
X-ray, support the diagnosis. Tachycardia and low-grade 
fever, accompanied by a rising hemoglobin and white- 
count, further support the diagnosis of mesenteric venous 
thrombosis, with massive loss of fluid into a “third space.” 
Once thrombosis has occurred, immediate surgery offers the 
patient his only chance for survival. Since the advent of oral 
and intravenous hyperalimentation, many surgical triumphs 
have been made in massive gastrointestinal resection, ‘and 
large segments of small bowel can be resected safely. 
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, June, 1974 
Dear Editor: 


In the early part of his paper in the June 1974 issue of An- 
nals of Surgery Dr. Clifford Herman states that the endo- 
toxemia which has been demonstrated in the experimental 
animal in shock has not been demonstrated in man or the 
primate. There are no less than a dozen papers, some 
published in 1971 and 1972, demonstrating endotoxemia in 
man in a variety of non-septic as well as septic disorders. In 
any case, his experimental model for hemorrhagic shock 
misses the point at issue, which is to discover why hemor- 
rhagic shock becomes refractory to transfusion. In the first 
group of seven baboons, six responded to transfusion and 
were therefore resistant to the degree of duration of 
hypovolemia imposed. Since the second group were not 
transfused, and cannot be assessed as either resistant or 
refractory to transfusion, he leaves the study where it 
began. 

As for the role of endotoxemia in the development of the 
refractory state, he reports positive bloods early as well as 
late in shock in both groups. The finding of endotoxin early 
in shock is at odds with a number of other studies that yield 
uniformly negative results in this phase of hemorrhagic 
shock, and in any phase in resistant animals. It does appear 
in non-resistant animals, as we have reported, late in shock, 
but usually not until transfusion flushes it out of the gut 
where flow until then is almost at a standstill. 

In a previous paper Dr. Herman reported positive bloods 
in the normal animal, a finding which those with extensive 
experience with the Limulus lysate test will not accept. This 
raises the question of technical errors in the assay. 

My main purpose in writing this note is to suggest that 
Annals of Surgery consider a place for publishing responsi- 
ble criticism from its readers. 

Jacob Fine, M.D. 
Harvard Medical 
School 

Dept. of Surgery 


Letters to’ the Editor 


S July, lee 

Dear Editor: i J— 

Thank you for the opportunity of — i Dr. 4 
Fine’s letter. Our first point relates to his comment that: we 
have stated that “the endotoxemia which has been demon- 
strated in the experimental animal in shock has not been 
demonstrated in man or the primate.” Our statement is 
really restricted to hemorrhagic shock. We intended to in- 
dicate only that there is a paucity of evidence of splanchnic 
ischemia and resultant endotoxemia in hemorrhagic shock 
in man or subhuman primates. With the indicated ex- 
ception of the older patients with arteriosclerotic mesenteric 
vascular narrowing, we have found no published reports of 
endotoxemia in patients with primary hypovolemic shock 
due to acute hemorrhage. A search for endotoxemia in 
young patients with massive blood loss from severe trauma, 
carried out immediately and then frequently during the first 
48 hours after injury before significant wound infection de- - 
velops, would help greatly to clarify these issues. To.the Best™ 
of our knowledge, this study has not been done.. * 

The second point Dr. Fine makes is that our experiments. — 


do not prove that endotoxemia would not occur in a,- 


different kind of experiment than the ones we did. We con- 
cur with that view. Briefly, we suppose Dr. Fine would have 
been more interested in the endotoxin levels of severely — 

shocked animals which had been adequately treated but . 
failed to respond. These experiments would have been’ - - 
difficult to design and conduct because of their length and © 
the problem of definition of adequate treatment and of 
failure. We submit that the alternative we chose was at least 


interesting. Positive results would surely have been note- ` * 


worthy support for Dr. Fine’s views. We did sample from 
the portal circulation in an effort to maximize detection of 
splanchnic endotoxin in the presence of very low flows, and 
transfused some of the animals to wash out the splanchnic 
circulation. Our failure to find either endotoxemia or any 
anatomic evidence of splanchnic ischemia suggest at least 
that responses easily elicited in the dog are rare or much less 
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a easily elicited in the baboon, or perhaps do not occur at all 
in this species. 


The final group of comments relates to the possible inac- 
curacy of our Limulus assay technique. Dr. Fine is partic- 
ularly concerned with occasional positive tests in control 


‘ periods. Three possible explanations have occurred to us: 


Haphazard contamination of samples, the presence of very 
low ‘normally circulating levels which would lead to 
sporadically positive tests, and finally possible non- 
specificity of the Limulus assay test.! In each case we would 
still expect to see more positive tests if additional endotoxin 
were entering the splanchnic or systemic circulation during 


hemorrhagic shock. If non-specificity should prove a serious 
„problem, the interpretation of other studies reporting 


' positive results may have to be reconsidered. 


‘There is of course no way we can be absolutely certain 
our assay technique was flawless. The reader is invited to re- 


+ view the procedures and controls described in our paper. 


_ The fact that we found unexpected positive samples and un- 


.. Dear Editor: 


expected negative samples does not in itself indict the assay 
procedure. 

«We join Dr. Fine in commending Annals of Surgery for 
permitting. this exchange. We also hope other scientists will 
be stimulated to join us and Dr. Fine in further exploration 


of what is obviously an incomplete understanding of the 


relationship between endotoxemia and hemorrhagic shock. 


Clifford M. Herman, M.D. 

Louis D. Homer, M.D., Ph.D. 
Naval Medical Research Institute 
Bethesda, Maryland 20014 
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The past decade has seen increasing concern over elec- 


“ trical’ safety for hospitalized patients. Safety standards 


LETTERS TO THE EDITOR 


governing how our hospitals and equipment will be built 
are being written by agencies such as the National Fire Pro- 
tective Association and Underwriters’ Laboratories. 

These approaches, however, are largely hardware 
oriented, and thus either very limited, or expansive in 
scope. Try to conceive of the difference between applying 
extreme safety standards to 1) equipment likely to contact 
the cardiac catheterized patient, or 2) equipment likely to 
contact an externalized cardiac conductor. The former can 
include every patient-environment device in an institution; 
the latter can apply to a select and reasonably well defined 
set of equipment components. 

Why has the hardware approach set the tone for many 
standards? Because the standards committees are composed 
largely of technical people unfamiliar with details of clinical 
practice who see little professional activity toward de- 
velopment of effective safe practices, and who see them- 
selves therefore as protectors of the “Electrically Suscepti- 
ble Patient.” Physician input to, as well as involvement on, 
standards making committees has indeed been minimal. 
Participation on committees may be restricted by funding, 
but input to committees involves only interest and modest 
investment in time. The fact that accidents occur infre- 
quently cannot continue to lull us into apathy. In order to 


lay the specter of the “Electrically Susceptible Patient” te 


rest once and for all I urge professional medical 
organizations to emphasize to their members the impor- 
tance of ensuring the following in their own institutions: 1) 
Protect externalized cardiac conductors from unwanted 
contacts with the environment. 2) Select thoughtfully the 
things deliberately connected to externalized cardiac con- 
ductors. If the medical profession will concentrate on safe 
medical management, the technical personnel can concen- 
trate on providing equipment and facilities that are 
reasonably, and realistically safe. 


Karen $. Kagey, M.D. 
Peter Bent Brigham Hospital 
Boston, Mass. 02115 


a 


Book Reviews 


Cancer Chemotherapy. Medical Outline Series, Second 
Edition, January 1973. Edward S. Greenwald, M.D. 
Henry Kimpton Publishers, London. 464 pages, 4.50 
pounds. . 

The first edition of this book appeared in 1967, 
consisting of 215 pages with a moderate bibliography. 
At that time, the author could refer to evidence sup- 
porting the fact that in some instances chemotherapy 
was able to prolong life in childhood leukemia, multiple 
myeloma and choriocarcinoma. This present volume, six 
years later, consists of 464 pages with 1,122 references. 
At this time, the author can state that “ ‘only two malig- 
nancies, uterine choriocarcinoma and Burkett’s lymphoma 
are frequently cured with chemotherapy, but isolated 
cases of childhood leukemia, testicular cancer and Hodg- 
kin’s disease: may. also have been cured by this modal- 
ity.” Such represents the rapid development in the field 
of cancer chemotherapy and well justifies a new edition 
of this work. 

The book begins with a brief chapter on cell kinetics 
and is followed by a reasonably detailed consideration 
of the pharmacology of cancer chemotherapy. Individual 
agents, their usefulness and. their hazards are consid- 
ered. There is a brief but worthwhile chapter on hor- 
mone therapy and a valuable consideration of specific 
problems of toxicity. Particular tumors are then consid- 
ered along with the treatment of the complications of 
malignancy. There is a final chapter on the use of chemo- 
therapeutic agents in the treatment of non-neoplastic 
diseases. 

One can commend the author for his careful appraisal 
of various therapies, the consideration of adequate con- 
trols and the particular hazards involved. He is objec- 
tive and not over enthusiastic. One sees this in his state- 
ment “although chemotherapy must still be considered 
the least important of the three major modes of cancer 
treatment, which also include surgery and radiotherapy, 
greater advances have been made in chemotherapy than 
in the other two areas.” 

This volume contains information necessary for ma- 
ture judgment in the care of patients with malignant 
disease. It also brings the surgeon face to face with the 
problem of continued care in patients upon whom he has 
operated for cancer. If, after the surgical extirpation of 
the malignant lesion, the surgeon wishes to discharge 
completely to others the responsibility for the subse- 
quent care of his patient, perhaps there is much in this 
book he need not know. It is becoming apparent, how- 
ever, as the importance of chemotherapy increases in 
the care of the patient with cancer, such a decision on 
the part of the surgeon would be silly, indeed. Either he 
must become cognizant of the many problems in this 
field or he must work in close harmony with those who 
do. Perhaps both are necessary if we are to progress. 


The publisher has done a good job. The typing is “well i 
spaced and easily readable. With offset printing, good 
paper and spiral band binding of plastic and cardboard, 
the price has been kept reasonable. 


NATHAN A, Womack, M.D. 


An ABC of Modern Immunology. E. J. Holborow. Second 
Edition. 94 pages, 8 illustrations 1968, 1973. Little, 
Brown and Co:, Boston. 


This small T of 10 chapters contains a summary 
of the principles of immunology (not primarily of tu- 
mors), and is presented in an admirable fashion: > 

The first chapter contains a brief discussion of the. 
“old” features of immunology, starting with the experi- — 
ences of von Pirquet, coming up to date, mentioning 
the importance of Medawar’s experiments with skin _ 
grafts. The author calls attention to the fact that we now. _ 
know that the complement-fixing antibodies and ana- 
phylactic antibodies, though having apparently identical 
combining specificity toward a given antigen, are chemi- 

cally distinguishable from each other as proteins. ~ 

Naturally, serious attention is given to immunoglobu- 
lins, the group of serum-proteins to which the antibody. 
molecules belong. The five different immunoglobulins 
(G, M, A, D and E) are described briefly and the struc- 
ture diagrammed. The author quotes Porter as suggesting 
a symmetrical structure of four linked peptide chains 
for the IgG molecule—i.e., two heavy chains and two 
light chains. Most of the antibody producing cells are 
found in the spleen, lymph nodes and bone marrow. Of 
the lymphocyte cells the plasmocyte is best equipped for 
intensive immunoglobulin production. He calls attention 


to the fact that the presence of immunoglobulin is de . |. 


monstrable in many plasma cells by the fluorescent anti- 


body technique of Coombs. Several of the feattires of .. . 
pathogenesis and synthesis of uaa a aré il- — 


lustrated by electron micrographs. K 
_ In the author's opinion, the total free IgG i in a — 
adult is about 80 gm, and is distributed equally between 
the blood and extravascular fluid, about one fourth pass- -< 
ing across the capillary walls each day and an equal’ 
amount returning via the thoracic duct. On the other 
hand he considers the macromolecular IgM to be pre- 
dominantly intravascular. 

Chapter four deals with Cellular Immune Faculties. 
The author remarks that so far as antibody is concerned 
“memory” is translated into activity in plasmoblasts, and 
that “on stimulation these cells behave as primed effec- 
tors, committed to a sequence of proliferation and differ- 
entiation of clonal character, which results in antibody 
production that is rapid and profuse, but nevertheless 
self limited.” He calls attention to the fact, now well 
known, that lymphocytes are very important in the im- 
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unologie fanction of the body. Although they may look 
— functionally - they: may be quite different. 
A’ separate chapter is devoted to the Immunological 
+ Capability of Small’ Lymphocytes which can initiate 
immuné “reactions which are mediated not by circulat- 
ing antibody, but ‘by direct cellular action, Circulating 
_ small lymphocytes play. a significant part in initiating 
._,ptimary- antibody formation as well. Some lymphocytes 
have definite. properties as mobile antibody-producing 
_acells. We are beginning to visualize the kinds of “recog- 
— aitlon at the cellular level that gives the lymphoid tissue 
felts -characteristic property of proliferating in response 
to antigen. 
ola i chapter on:Cell-Mediated immunity it is brought 
— ‘that: iñ spite.of.récent advances we still know less 
about: “how cells -act as effectors of immune responses 
ethan we do about humoral mechanisms. The author goes 
.dutto’ détail throughout the book describing the role of 
allograft in the development of antibodies and the re- 
«jection ‘phenomenon. It has been established “that for 
. ‘Solid tissue’ allografts: (e.g. skin) antibodies do not usu- 
3 ally play ant effective part in the rejection process.” The 
3 importanice~ of lymphocytes in the immunologic process 
is émphasized. In his discussion of the role of lympho- 
cytes in immunity, the author notes that one of the most 
` important advances in immunology during the past dec- 
_ ade is the discovery that “conditioning of progenitors of 


Book Reviews 


such antigen-sensitive cells is a function of the thymus. 
Thymectomy causes. a diminution in the numbers of 
lymphocytes in the blood, lymph and lymphoid tissue, 
but no significant immunological deficiency. | 

One chapter deals with intercellular cooperation and 
lists cooperation between thymus-dependent and bone- 
marrow-derived cells as an example. Immunological tol- 
erance is, of course, a vital phase of immunity. Important 
in this consideration is the fact that newborn mice in- 
jected with cells from an allogenic donor become tolerant 
of skin grafts from the same source, thus illustrating that 

tolerance is as much a specific response to antigen as 
antibody production: Autoimmunity is discussed in mod- 
erate detail. 

This small volume contains much able information 
about immunology. Although the title is listed as An 
ABC of Modern Immunology, it is not designed for the 
beginner in’so far as the definitions and other elementary 
features are not given. It is clearly written and would be 
very useful and informative for the physicians and stu- 
dents.who have had an elementary course in the subject. 
The only feature which the reader might criticize is the 
superfluity of reference to the “skin graft” in illustrating 
the numerous features of immunology. Obviously, many 
features of immunology are not covered, but this could 
not be avoided in such a small volume on the subject. 

Warren H. Core, M.D. 
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Malignant Lymphoma: Nodal and Extranodal Diseases. 
Y. N. Yee, M.D. and J. S. Spratt, Jr.. M.D. 412 pp., $17.50. 
New York, Grune and Stratton, 1974. 


Ler asp Sprver have effectively reviewed a subject that 
has been confused by changing nomenclature for the past 
several years. The chapter on “Clinical and Pathological 
Aspects” is more simplified than past efforts. They discuss 
Hodgkin's disease as one type of lymphoma and group the 
other lymphomas in a major separate group of non-Hodg- 
kin’s lymphomas. They follow the terminology of Rap- 
paport and therefore the text is easy to follow for anyone 
familiar with modern oncology. 

The chapter on radiotherapy and chemotherapy is quite 
up to date and includes most of the radiation protocols that 
have been evaluated for lymphoma. Particularly good is the 
discussion of chemotherapeutic agents, both singularly and 
in combination, that have survived good clinical trials with 


clear documented efficiency. 


The chapter on “Major Surgery in Malignant Lym- 
phomas”’ leaves the reader somewhat confused about the 
role of extirpative surgery for malignant lymphoma. For the 
most part, the early chapters have suggested properly that 
malignant lymphoma is a systemic disease; however, this 
chapter indicates too great a rule for surgery in the man- 
agement of lymphoma. The chapter concerned with sur- 
gical staging in this disorder is quite good. Lee diseusses 
both the pros and cons of this approach and brings it up to 
date through 1972 reports. The authors include key in- 
vestigative clinical series that indicate that approximately 
one-third of the patients have been incorrectly staged by 
non-operative means. They emphasize that the major value 
and benefit of laparotomy including splenectomy, liver 
biopsy, and abdominal node evaluation should be utilized 
to determine the extent of the disease and appropriately 
alter the therapeutic regimen to coincide with the patho- 


$ logical findings. 


: Perhaps the authors should have included some dis- 
cussion of the lymphomas realized in the immunosup- 
pressed renal transplant recipients. This would have led to a 
discussion of tumor immunology as it relates to retic- 
uloendothelial neoplasia. 

They do not cover the subject of tumor-specific or tumor- 
asśociated antigens documented in lymphomas nor im- 
mune responsiveness studied in these patients by authors 
such as Eibler and Sokal. They also have no discussion per- 
taining to the role of immunotherapy in these disorders. 


BOOK REVIEWS 


The illustrations are above average and for the most part are 
quite helpful in depicting results. The bibliography is quite 
good. Overall, | think the manuscript is very well done and 
| am pleased to see that this most interesting disease is sum- 
marized for Modern Surgical Monographs. 

Hinuiarp F. SEIGLER, M.D. 


Hodgkin's Disease. David Smithers et al., editors. 258 
pages. Churchill Livingstone, 1973. 


Masy articles on Hodgkin's disease have appeared in the 
medical press over the past few years, reflecting updated 
knowledge on its nature, pathology and treatment. This 
book, contributed by members of a Lymphoma Unit of the 
Royal Marsden Hospital, presents a comprehensive review 
of the subject. 

According to the Kaplan-Smithers hypothesis, Hodg- 
kin’s disease has its origin in sustained lymphopro- 
liferation, antigenically altered lymphoid cells, and tumor- 
versus-host reaction. Aspects of epidemiology, clinical pre- 
sentations, histology, and immunology are presented using 
case material from their own hospital. The chapters on cyto- 
genetics, cell biology, and experimental immunological 
studies contained non-clinical and preliminary research 
findings 

Although Hodgkin's disease is believed unicentric in 
origin and to spread in a predictable manner by the group at 
Stanford University, Smithers, et al. suggest that the tumor 
may be either unifocal or multifocal and spread along lym- 
phatics and blood vessels. Specific extranodal sites that can 
be involved by Hodgkin's disease are discussed in separate 
chapters (lung, bone, skin, nervous system, bone marrow 
and post-mortem studies). Their experiences with the 
various methods used to study the extent of disease such as 
lymphography, isotope scanning, laparotomy and splenec- 
tomy are given, Survival data, their current radiotherapy 
treatment policy and chemotherapeutic programs are pre- 
sented and discussed. In general, their approach is similar to 
that practiced in this country except for minor 
modifications. This book certainly fulfills its purpose in pre- 
senting a general overview of Hodgkin's disease for those 
working on isolated parts of the problem as well as for the 
physician and surgeon who are only occasionally involved in 
its treatment 

Yen-Tsu N. Ler, M.D. 
Donatp L. Morrox, M.D. 
Los Angeles, California 
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Fundamentals of Colon Surgery. Leslie W. Ottinger, M.D, 
238 pages. Boston, Little, Brown and Company, 1974. 


Trius monocraru, after a page for Preface and one for ac- 
knowledgments, is comprised of 10 chapters distributed 
through 238 pages and concludes with an index of 35 pages. 
There is a modest reference list at the end of each chapter. 

The first chapter, General Considerations,” is followed 
in numerical sequence by the following chapter headings: 
“Surgical Emergencies;’ “Acute Inflammation; “‘Ul- 
cerative Colitis; “Granulomatous Diseases of the Colon;”’ 

“Ischemic Lesions of the Colon;” “Problems of Colon Fix- 
ation: “Benign Tumors; “Malignant Tumors of the 
Colon, Rectum and Anus;” and lastly, “Problems of the 
Lower Rectum and Anus.” 

There are 16 pen and ink drawings which are simplistic in 
their diagrammatic representation. In one (Fig. 1-3), the 
disposition of the greater omentum in relation to the trans- 
verse colon and pancreas is anatomically incorrect. 

Initially, in the text, the author refers incorrectly to di- 
verticuli, later and correctly to diverticula, then to divertic- 
ulae, and finally back to diverticuli. The word very is used 
too frequently to attain its desired effect for emphasis. Also, 
to use such phrases as: “right upper abdomen” (page 14); 
“Suggested by radiology” (page 21); “pathological ex- 
aminations’ (pages 111, 208), and “work-up of a fever of 
unknown origin’ (page 44) certainly does not equate with 
critical writing, 

Sentence constructions are too frequently confusing as 
exemplified by the following: “Initially, management of ob- 

_ structing lesions must encompass those principles essential 
to the successful management of colon obstruction, what- 


Book Reviews 


ever the etiology.’ (page 190). Also, the error in the state- 
ment “. . , . and the circular muscle layer is thrown into 
transverse folds.” (page 59). It is the mucosal and not the 
circular muscle layer that is “thrown into transverse folds.” 

Despite the title of the text, an inordinate amount of 
space is given to a discussion of appendicitis. The listing of 
the references does not follow the universally accepted for- 
mat in that the titles of the publications are listed first rather 
than an alphabetic list of the names of the authors. This is 
an annoying inconvenience to the reader, Reilly is incor- 
rectly referred to as Rellig, both in the text and reference list 
respectively (pages 73 and 74). The references are poorly 
selected since many of the classic articles pertaining to the 
various subjects discussed have been omitted. It is of in- 
terest to observe that not one reference is given to the sub- 
ject of intussusception. Instead the author refers the reader 
to the pediatric literature on this subject. 

In general, the text is loosely written, extremely wordy, 
poorly punctuated, has frequent misspellings, and is bor- 
ingly repetitious. There is lack of clarity and brevity of ex- 
position, and the poor continuity in thought expressed pre- 
cludes a logical sequence in arrangement of the para- 
graphs. Furthermore, it is difficult to escape the impression 
that the book was assembled in a hurry both by the author 
and the publisher. 

On completion of the review of this monograph the per- 
tinent question is: “Who is it written for?” In his Preface 
the author states: “Its main purpose is to serve the surgical 
resident, . . . and as a handbook for those responsible for the 
education of surgeons ` If so, I fear it has missed its mark. 

Jous L. Mappen, M.D. 
New York, New YORK 
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Occult Breast Carcinomas Detected By Xeroradiography: 


One hundred and eighty-five breast cancers were demonstrated 
by xeroradiography in 6.238 patients. Sixty-two cancers were oc- 
cult. and constituted one-third of the demonstrable breast 
cancers. Some of the patients with clinically nonpalpable car- 
cinomas had high risk factors known to be associated with the 
development of breast cancer, The diagnosis was usually es- 
tablished and confirmed by wide excisional biopsy of the area 
containing the suspicious lesion. In some instances the lesion 
was localized preoperatively bs \eroradiography using a 
technique of skin markings, Specimen \eroradiography was 
utilized if there were calcifications seen on the preoperative 
xeroradiograph, There was a significantly decreased incidence 
of axillary node metastases in the occult cases when compared to 
the dominant mass cases. 


VRE) breast cancer remains an 
E elusive goal. Xeroradiography can detect many small 
cancers before they are noted by the patient or her physi- 
cian. The term xeroradiography is derived from the Greek 
xero- meaning dry. radio- alluding to the role of radiation or 
x-ray, and graph- denoting record. Xeroradiography is a 
relatively new imaging process, especially valuable in the 
field of mammography, where it is uniquely applicable 
because of its etfectiveness in the low KV range, Xero- 
radiography is a process of development, substituting a 
selenium-coated plate for x-ray film. 

The advantages of xeroradiography are: 1) xero- 
radiography is a rapid and dry process; the completed im- 
age is delivered from the machine in 90 seconds: 2) in the 
low KV range, as used in breast diagnosis, there is a signifi- 
cant (about 35% ) reduction in radiation exposure; 3) the ex- 
amination is no more (or even slightly less) expensive than 
X-ray mannography; 4) all of the breast-skin, ducts. vessels 
and deep structures, are well seen; 5) increased resolution. 
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permitting identification of smaller structure, especially 
tumor calcifications which are so important in the early 
detection of breast carcinoma; 6) xeroradiographs are more 
easily interpreted, without special means of viewing. 

There are two relative disadvantages of xeroradiograph: 
|) the equipment is not as yet available in all areas: 2) the 
radiologist must undergo a relearning process in the evalua- 
tion of these images, with special emphasis on duct patterns 
which are so very important in breast cancer detection. 

The views obtained depend on physical findings, but if 
physical examination is unremarkable, and if there ate no 
remarkable findings on the xeroradiographs studied by the 
technologist, then two views of the breast are obtained; ~ 
mediolateral and carniocaudal images ‘ain 

Xeroradiography complements physical examination ef 
the breast, and does not replace a careful evaluationcof the 
patient by her physician. Nonetheless, it can detect occult 
carcinomas in the breast in the absence of physical find- 
ings, and it can direct the surgeon to suspicious areas in 
nodular breasts. Dominant breast masses continue to re- 
quire biopsy. Sixty-two occult carcinomas of the breast were 
detected during the first 21 months of operation of the 
Xeroradiography Unit at this Center, and they constitute 
the basis of this report. An occult carcinoma of the breast is 
defined as a cancer unassociated with a palpable mass. a 
cancer detected by xeroradiography alone 


Materials and Methods 


Between October 15, 1971 and August 15, 1973, 6.238 
patients underwent breast xeroradiography at the Kaiser 
Permanente Medical Center in Los Angeles, and 185 breast 
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Ture 1. 6,238 Patients Examined by Breast Xeroradiography in 


21 Months 








No. of Cases % ofCases 

Total Biopsies 788 12 
Benign Biopsies 603 9 
Malignant Biopsies 185 3 

Occult Cases 

(Non-palpable) 62 l 

Dominant Mass 

(Palpable) 123 2 





cancers were detected. A total of 788 biopsies were done in 
these 6,238 patients. One hundred twenty-three of the 
breast cancer patients had a dominant mass on physical ex- 
amination. The other 62 cancers were occult and not 
associated with a palpable mass. The inpatient and outpa- 
tient records, the xeroradiographs, and the pathological 
reports were all reviewed. It was possible to ascertain that 
these 62 occult cancers were clinically undetectable. Table 1 
summarizes our experience. 


Results 


Sixty-two occult carcinomas were discovered in 6l 
women. One patient had bilateral, nonpalpable carcinomas 
with 58 negative bilateral axillary nodes at surgery. The in- 
dications for xeroradiographic study in these women with 
occult breast cancer were fibrocystic disease, previous 
mastectomy for cancer, previous biopsy for benign disease, 
nipple discharge, inverted nipples, and unknown site for 
primary cancer. Of note is the finding that 12 women had a 
family history of breast cancer involving a mother, sister, or 
maternal aunt, Family history was not listed as the major 
cause for referral in any case, but it was noted en the 
radiologist’s mammography history sheet, and it may have 
infllienced the patients physician to order the xero- 
radiographic examination 

Of the 61 women with occult carcinomas, 45 were post- 
menopausal and 16 were premenopausal. Nineteen women 
were nulliparous. The importance of late parity as a high 
risk factor in the development of breast cancer is not 
“generally appreciated. Our definition of late parity means 
that the woman had her first child at the age of 28 years or 
later, and 15 of our 62 occult cancer patients were in this 
category of late parity. Previous breast biopsy for benign 
disease in the same breast had been performed in 15 of 61 
patients. Women in these high risk groups are analyzed in 
Table 2 

Fifty-five carcinomas were treated by radical or modified 
radical mastectomy. Simple mastectomy or biopsy alone 
was performed for the other six cases. In 18 of the 55 eccult 
cancers treated by radical or modified radical mastectomy, 
there were associated axillary node metastases. Two patients 
had metastases to bone or lung at the time of diagnosis of 
occult breast carcinoma, and the axillary nodes were not 
sampled. Thus, there were 20 occult cancer patients 32% ) 
who had evidence of metastatic disease. For comparisen, 62 
(51%) of the women with a dominant mass and a positive 
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Vani 2 62 Occult Breast Cancers—High Risk Factors 








No. 5 

Patients Patients 
| Previous Mastectomy 9 15 
2 Nulliparous 19 31 
3. Late Parity (Age 28 or later) 15 24 
4 Family History of Breast Cancer 12 20 
5 Prior Benign Biopsy, Same Breast 15 24 





xeroradiograph had metastatic disease (Table 3). 

Unfortunately, accurate measurement of the size of the 
cancer was not available in many cases, and estimates were 
noted in others. Seven cancers were specifically measured to 
be less than one centimeter, and no axillary node metastases 
were noted in these cases. Twelve cancers were noted to be 
one centimeter, and three of these were associated with 
positive axillary nodes. The small numbers and the lack of 
exact measurements in many cases make further meaning- 
ful analysis impossible. 

The pathological findings in the 62 occult breast car- 
cinomas are listed in Table 4. Infiltrating ductal carcinoma 
was the diagnosis in 59 cases. Only one lobular carcinoma 
was noted in this series. 


Xeroradiography Findings and Extent of Disease 


The xeroradiographic findings in breast cancer include 
Tame 3 Axillary nodes in 185 breast cancers. 


[| Negative Nodes 
Fo Positive Nodes 
Number of Cases 

100 


80 


62 (51%) 





123 Dominant 


62 Occult Cases — * 


Val IS} * No 2 OCCULT BREAST CARCINOMA 





Fu 1 Occult Breast Carcinoma de- 
tected by xeroradiography: Clinical 
Considerations 61-year-old woman 
with discharge right nipple No 
associated = palpatory findings. 
Xeroradiograph shows  spiculated 
mass with irregular and ill de- 
fined borders Mass is incorporated 
in prominent ducts, and there are 
innumerable minute calcifications 
contained within the mass 
Diagnosis-carcinoma, pathology-in- 
filtrating ductal carcinoma with 
negative axillary nodes (Left to 
right) A Right lateral xeroradio- 
graph B Caudal xeroradiograph of 
right breast C (bottom) Close- 
up view of calcifications 


mass-density, malignant tumor calcifications, altered duct 
pattern, increased vascularity, skin changes and nipple 
retraction. All cases in this series were reported as to the 
presence or absence of malignant calcifications. The other 
findings were present in a variable number. Table 5 cor- 
relates the xeroradiographic findings of mass only, malig- 
nant calcifications alone, or the combination of both mass 
and calcifications with the presence or absence of axillary 
node metastases. The finding of malignant calcifications by 
xeroradiography was more often associated with metastases 
than a finding of mass alone. Over half of the patients with 
both mass and malignant calcifications had metastases. 
Some of the xeroradiographic findings in malignancy are 
demonstrated in Fig. 1. 


Surgical Management of Patients With Occult Breast 
Cancers 


In all cases of carcinoma diagnosed by xeroradiography at 
this institution, the referring physician was notified directly 
by the radiologist of this finding. The occult cancer patients 
were scheduled for early biopsy and possible mastectomy. 
Diagnosis was usually established by wide excisional biopsy 
of the area containing the suspicious lesion. If there were 
calcifications seen on the preoperative xeroradiograph, an 
examination of the surgical specimen was done, and the site 
of disease was marked by the insertion of a radiopaque nee- 
dle into the lesion. Thus, excision of the correct area was 
also confirmed at the same time. Samples for frozen section 
examination were then taken from the marked area. The 
specimen correlation added approximately 10-15 minutes 
to the operating time. If the frozen section were positive, 
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O Tamed Pathology of 62 Occult Breast Carcinomas 
Infiltrating Ductal Carcinoma 59 
includes Comedocarcinoma 3 
Papillary l 
Paget s Disease 3 
Noninfiltrating Ductal Carcinoma l 
Mucoid Carcinoma l 
Infiltrating Lobular Carcinoma | 


mastectomy immediately followed the report from the 
pathologist. 

In six cases of occult breast carcinoma, final diagnosis 
could not be made by the pathologist until the pemmanent 
histological slides were made and until appropriate multiple 
samples of the marked area were studied. 

Sometimes, in difficult cases, the lesion was lecalized 
preoperatively in the Xeroradiography Suite by a technique 
devised by one of the authors (G. F.). Strips of tiny plastic 
numbers are applied to the patient's breast, vertically and 
horizontally, to enclose the quadrant containing the occult 
carcinoma. Using a mapping technique, a wetted silver 
nitrate applicator stick is used to mark the skin overlying the 

‘lesion in two projections. The silver nitrate is readily detec- 
table xeroradiographically, the colored mark on the skin will 
resist surgical prep, and the solution does not burn or hurt 
the patient. The surgeon then has a guide to the site of a 
nonpalpable, suspicious lesion. He performs his biopsy 
between the two silver nitrate marks on the skin. 

Discussion 

Xeroradiography replaced conventional mammography 
as the method of x-ray diagnosis of breast disease at the Los 

- Angeles Kaiser Foundation Hospital-Sunset Facility in Oc- 

tober. 1971. The technical superiority of this procedure has 
been well demonstrated by the work of Wolfe® and Martin,‘ 
and has been corroborated by the report of Frankl and 

Rosenfeld? from this institution. 

One hundred and eighty-five occult breast carcmomas 
were demonstrated by xeroradiography in 6,238 women. 
Sixty-two (34%) of the detected breast cancers were occult, 
nonpalpable lesions. The women who were referred for 
breast xeroradiography, and in whom breast cancers were 
found, represent a somewhat selected group. A general 
screening program was not in effect. A significant number of 
occult cancer patients had a previous contralateral mastec- 
tomy, a prior biopsy, or a family history of breast eancer. 
Late parity has been noted by Mac Mahon et al.’ as of possi- 
ble significance in the development of breast cancer, and 
our series of occult breast cancer patients corroborates the 
importance of this high risk factor. Nineteen women were 
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Tvste 5. Neroradiographic Findings and Extent of Disease in 62 Occult 
Breast Carcinomas 


Positive Axillary 


Xeroradiographic Total Nodes and/or Indeterminate 
Findings Cases Distant Metastases Cases? 

Mass Only 21 3/21 (14% ) 0 
Malignant 
Calcifications 
Only 16 4/12 (33% ) 4 
Mass and Malignant 
Calcifications 25 13/24 (54% ) l 


*In 5 cases without evidence of metastases only biopsy or simple 
mastectomy was done 


nulliparous. Certainly, xeroradiographic study, as well as 
routine physical examination, is indicated for all women 
who fall in the high risk categories which are noted above 
and which are listed in Table 2. Ultimately, it is hoped and 
expected that all women over the age of 35 in our medical 
plan will be screened by xeroradiography. It is of interest 
that we have never demonstrated an occult breast cancer in 
a woman under the age of 35 years. 

Of the 185 carcinomas demonstrated by xeroradiography 
in this study, 123 were associated with a dominant mass on 
palpation. Sixty-two (51%) of these dominant mass cases 
had positive axillary lymph nodes. Of the occult carcinomas, 
20 of 62 (32% ) had evidence of spread to axillary nodes or of 
distant metastases. Fisher et al.' note that 20% of breast 
cancers less than one centimeter in size will be associated 
with axillary node metastases. His study generally shows 
that larger cancers are associated with greater axillary node 
involvement, increased rate of recurrence, and a higher 
mortality. Our study tends to confirm the importance of 
finding tiny cancers. 

Will xeroradiographic detection of early breast cancer im- 
prove survival in such patients? Future studies will no doubt 
elucidate this matter. Decreased axillary node involvement 
in occult breast cancer provides some encouragement that 
the ability to diagnose breast cancer before it is clinically 
detectable may be the key. 
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Significance of a Solitary Lung Shadow in Patients 


From 1949 through 1972 at Memorial Sloan-Kettering Cancer 
Institute, 72 breast cancer patients developed a synchronous 
or metachronous solitary lung shadow. Forty-three had separate 
primary lung cancers; 23 had breast carcinoma metastases and six 
had benign lung lesions. Of these, 47% were asymptomatic 
and the lesions were discovered by routine chest roentgenograms, 
Among 49 patients who underwent pulmonary procedures, 
secondary involvement of regional lymphatics was noted in 22. 
nine of which were daughter metastases secondary to the 
breast deposit. In such a setting, a radical lobectomy (or 
pneumonectomy) would seem the operation of choice. Four 
patients who had primary lung cancer and five patients with 
pulmonary breast metastases survived five years after the 
thoracic procedure. Prolonged survival in these patients bore no 
relationship to age, sex, state of axillary lymph nodes or length 
of interlude between the breast and the lung cancer, Early 
diagnosis, the extent of the cancer and adequate excision seem to 
influence end results. When other primary cancers were present, 
in addition to those of breast and lung, these did not seem to 
diminish the chance for survival provided they were treated as if 
they existed alone. The need for strict periodic and continual 
followup examinations, not only in breast, but also for all cancer 
patients is essential for early detection of metastases or new 
primaries, Chest roentgenograms are an integral part of such a 
plan. The ambiguity of a solitary lung shadow (or at the most 
two or three opacities) with a known primary breast cancer re- 
quires clarification without delay as to its histologic nature so 
that proper treatment can be instituted and an accurate 


prognosis given. 

either synchronous or 
A metachronous, with an extra-thoracic cancer is a 
diagnostic and therapeutic dilemma. +25" 

Until recently, when such an opacity was discovered, it 
was assumed to be a metastasis and a visible representative 
of others more cryptically placed elsewhere. It was also 
believed to be the harbinger of many more deposits that 
would inevitably appear and as a result of such pessimism, 
no action was taken or only palliative efforts were made. 

As thoracic surgery matured and these conservative ap- 
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proaches proved unrewarding, attempts were made to ex- 
cise these lesions.’ © As a result, it became evident that the 
shadow was not always a metastasis as originally assumed, 
but proved instead to be a new primary lung cancer or oc- 
casionally a benign process. In addition, even if it were 
malignant, palliative benefits and long-term survival 
resulted which might not have occurred had it been’allowed 
to remain untreated. 


Clinical Material and Methods 


This report describes the experience at Memorial Sloan- 
Kettering Cancer Center with patients who had breast car- 
cinoma in whom a solitary lung shadow appeared 

During a 23-year period, 1949-1972, 72 patients 
presented with the above clinical setting: 43 had separate 
primary lung cancers; 23 had breast cancer metastases and 
six had benign lung lesions. 

Of the 66 cancer patients, 53 could be evaluated for five 
years or more, a period traditionally used as an arbitrary 
measurement of cancer control. All patients but one had 
complete followup. 

The cytologic and histologic studies of both the breast 
and the lung lesions have been reviewed 


Sex and Age Incidence 


In the lung cancer group, there were 39 females and 4 
males. In the metastatic (23) and benign groups (6), all were 
females. In primary breast cancer the ratio of females 
to males is 100: 1.'% However, in this group where 
primary cancers of the breast and lung occurred in the 
same patient, the ratio was 10 : 1. 

The ages at the time the lung lesions were detected 
ranged 38-77 years with an average of 59 years. The peak 
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age incidence was similar in all three categories (primary, 
metastatic and benign) occurring between the fifth and 
seventh decades. 

The average age when breast cancer was diagnosed was 
52 years; for primary lung 51 years; for metastatic breast 48 
years and 50 years for benign lesions. 


Signs and Symptoms 


Fifty-three per cent (35/66) of the patients with malig- 
nant lung lesions had symptoms, some of which were multi- 
ple. These included cough, hoarseness, chest pain, dyspnea, 
hemoptysis, fever and superior vena caval syndrome. These 
were more frequent in the primary than in the metastatic 
group but were non-specific for either condition. 

Forty-seven per cent (31/66) were asymptomatic: 12 with 
primary lung cancer and 19 with breast cancer metastases. 
Of the primary lung cancer group, three patients had their 
lung lesions discovered by routine roentgenography during 
followup examinations or as a preparatory workup for breast 
cancer treatment. 

Of particular interest are nine patients whose lesions, 
upon autopsy, proved to be lung cancers rather than 
metastases. 

All six patients with benign lung lesions were asymp- 
tomatic. 

A history of heavy cigarette smoking (minimum 1l 
pack/day/20 years) creates a bias in favor of the lung 

` shadow being of pulmonary origin. Of those whose tobacco 
habits were adequately documented: 17 of 27 in the lung 
cancer group were heavy smokers; one of 12 in the 
metastatic group and one of five in the benign group. 


Interval From Breast Primary to Lung Lesions (Table 1) 


Eighty-six per cent (62/72) of the shadows were 
metachronous and appeared from three months to 23 years 
after treatment of their primary breast carcinoma. Seventy 
per cent of these appeared five years or more after treatment 
of the breast primary. In 33% (9/27) the lung lesions 
appeared after ten years. Ten patients had synchronous 
primary breast cancers and lung lesions: eight had primary 
lung cancer; one had a breast metastasis and one had a 
benign lung lesion. 


Tase 1. Interval from breast carcinoma to appearance of lung lesion. 









Metastatic 








Synchronous 10 8 
< 2 6 5 
2- § 30 15 
6 - 10 18 10 
> 10 9 6 


% > 5 years | 70% (27/39)| 69% (16/23) 81% (9/11) 


40% (2/5) 


% > 10 years] 33% (9/27)| 33% (6/18) | 20% (1/5) | 50% (2/4) 
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Taste 2. Radiographic diagnosis. 














Histologic diagnoses 
Radiographic diagnoses 


“Primary” 1 
“Metastatic” 6 
"Primary vs. Metastatic” 11 
Others (granuloma 5 


benign etc.) 


% Correct Diagnosis 


All patients with benign lung lesion were asymptomatic. 
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Radiographic Findings (Table 2) 


In analyzing the opacity, the radiologist was often 
tempted to give histologic designations only 24% of which 
were correct. 

In five patients, instead of a single lesion demonstrated on 
x-ray (by all techniques) two to three were found at ex- 
ploratory thoracotomy and they were usually confined to 
one lobe. In three patients these proved to be individual 
separate primary lung cancers; two others had multiple 
breast cancer metastases. 


Bronchoscopy and Cytology 


Fifty-four patients were bronchoscoped (29 with primary 
lung cancer, 21 with breast metastases and four with benign 
lesions). Six had positive biopsies: five with primary lung 
cancer and one with a breast metastasis. Biopsies were not 
done in 18 patients because: a) the lesion was peripheral 
and was considered too small (less than 2 cm) to yield 
significant data; b) presumed dissemination of cancer did 
not seem to justify it; and c) the patient's general condition 
was too poor. 

Cytologic studies were done in 59 patients. Cancer cells 
were found in 59% (19/32) of the primary lung cancer 
group and 5% (1/21) of the metastatic group. All six benign 
lesions had negative cytologic studies. 


Pathology of the Primary Malignant and Benign Lung 
Lesions 


Of the primary lung cancers (Table 3), there were 21 
epidermoid, nine bronchiolar and five oat cell carcinomas. 
There were three additional variants of lung cancer: mixed 
adeno-squamous, anaplastic carcinoma and a meso- 
thelioma. Five adenocarcinomas resembled breast cancer 
but were believed of lung origin although it is often difficult 
for the pathologist to distinguish between these ambiguous 
conditions. The criteria used in an attempt to resolve this 
dilemma are discussed later. 

Of the patients with benign lung lesions (Table 4), two 
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Taste 3. Pathology primary cancer. 


PATHOLOGY PRIMARY CANCER 


Histology Number 
Epidermoid carcinoma 21 
Bronchiolar carcinoma 9 
Adenocarcinoma 5 
Oat cell carcinoma 5 
*Others 3 
Total 43 





*One each anaplastic; epidermoid + 
pap. adenoca.; mesothelioma 
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had hamartomas and one each had a neurilemmoma. a 
granuloma, a dermoid cyst and a benign fat pad. 


Pathology of the Breast Cancers 


Forty-three patients had infiltrating duct cancer: 24 in 
the primary lung group and 19 in the metastatic group. Five 
others had lobular carcinomas, two had colloid. two had 
medullary cancers and one had papillary cancer. All these 
last named histologic types occurred in patients with 
primary lung cancer. 

In 13 patients, the generic term adenocarcinoma was 
used without adjectival specification: nine in the primary 
and four in the metastatic group. One half of the patients in 
this series had metastases in the axillary lymph nodes. 


Pulmonary Lymph Node Involvement 


The regional pulmonary lymphatics were examined 
either in the resected specimen or, if resection was not possi- 
ble, a representative extrapulmonic lymph node was excised 
for study. 

In the primary lung cancer patients, 50% (13/26) of the 
pulmonary lymphatics were involved: ten in both hilar and 
mediastinal locations; two confined to the hilum and one in 
the mediastinum alone. 

In the metastatic group, 39% (9/23) of the pulmonary 
lymphatics contained daughter or second generation 
deposits: seven in both hilar and mediastinal locations and 
two confined to the hilum alone. 

It is probable that even more nodal metastases were pres- 
ent because at first, no effort was made to remove these for 
biopsy, for when a lesion was found the surgeon would 
sometimes be content to biopsy the lung tumor alone. In ad- 
dition, in resected specimens the state of mediastinal 
lymphatics could be determined only if these were included 
as part of a radical lobectomy or pneumonectomy which 
was not universally performed. 
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Multiple Primary Cancers (Table 5) 


Of those patients with a primary lung cancer, six had a 
third cancer and two had four separate carcinomas (one of 
whom also had a hamartoma of the lung) 

Three patients in the metastatic group had another 
primary cancer: one each of colon, cervix and the opposite 
breast. 


Treatment 


Seven of the 43 patients with a new primary lung cancer 
had no active treatment for it. Six of these were assumed to 
be uncontrollable breast cancers until autopsies revealed 
the correct diagnoses. The seventh patient's cancer was too 
advanced when first seen. Of the remaining 36 patients, 18 
had surgery and the other half had either radiation and/or 
chemotherapy. 

All patients in the metastatic and benign groups had 
some form of pulmonary excision. 

There was no postoperative morbidity and only one death 
from hemorrhage following exploratory thoracotomy and 
biopsy for an epidermoid carcinoma of the lung. 

When excision was considered inadequate, irradiation 
and chemotherapy were used alone or in combination. 


Results 
Survival is measured from the treatment of the pul- 


monary cancer. 


Taste 4. Benign Lung Lesion Associated with Breast Cancer” (1949-1972). 








Interval 




















Patient breast and Associated Remarks 
lung lesion 
lung lesion 
: Coin lesion 
M.S. 52F | Synchronous Radical Neurilemmoma | on x-ray — 


mastectomy 






asymptomatic 











Modified 

















M.S. 61F 4 months radical + _ Hamartoma 
| | p.o. RT. 
f — — 
x Coin lesion 
M.K. 57F | 2 years — —— vs | on x-ray — 
mastectomy | staph abscess asymptomatic 
| Radical Metastatic 
E.L. 43F 5 years ee Dermoid cyst | disease to bone 
mastectomy 
and ovaries 
+ + + — — — 
| Bilateral Admitted for 
M.B. 52F 13 years | radical Hamartoma an aspirated 
| mastectomy foreign body 
| igi Minimal chest wall 
I.G. 63F | 13 years as Benign fat pad | recurrence 
mastectomy 
| present 





* One additional patient had synchronous primary lung cancer and 
hamartoma in same lung. 


Taste 5. Multiple Primary Cancers. 








Primary — 
breast and pink — 
lung ca colon ca | breast ca 







Epidermoid ca - esaphagus 
Teratoma testis 

+ Lymphosarcoma rectum 
Thyroid ca, basal cell ca. 


Three patients in metastatic group had double primary 
cancers : one each had adenocarcinoma of colon, epidermoid 
carcinoma of cervix, adenocarcinoma (second) breast. 


Primary Lung Cancer 


Thirty-seven of 43 patients with primary lung cancers 
qualified for five-year survival analysis: 30 received treat- 
ment of varying forms and seven had none. 

Twelve of the 30. patients had pulmonary excisions; four 
survived five years or more of which three were asymp- 
tomatic. their lesions having been discovered by routine 
follow-up chest x-rays after treatment of the breast cancer, 
eight months, nine months and eight years later. Two of the 
four survivors had a third primary cancer and one also had a 
hamartoma. One patient died of breast cancer four years, 
four months after excision. Another was lost to followup 
after three years and four months having shown no evidence 
of either cancer. 

Of the five-year survivors, three had infiltrating duct and 
one had colloid carcinoma. The axillary lymph nodes con- 
tained metastases in two specimens; one had negative 
lymph nodes and in one the state of the nodes was not 
recorded. 

, The pulmonary lesions in 18 patients were either in- 
operable or unresectable and radiation and/or chemo- 
therapy were used. 

Six patients had various types of pulmonary excisions less 
than five years ago. Five of these are without evidence of 
either lung or breast cancer (10, 38, 39, 40 and 58 months 
later respectively); one patient is living with chest wall 
recurrence from breast cancer 36 months after palmonary 
resection. Thirty-eight patients in this group died. 32 from 
lung cancer; two from a breast cancer; four from other 
causes (two with cancer present). 


Metastases From Breast 


Sixteen of 23 patients had breast metastases excised more 
than five years ago. There were five survivors all of whom 
were free of recurrence (Table 6). Of these five year sur- 
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vivors, all had infiltrating duct carcinoma two of whom ini- 
tially had axillary lymph node metastases; in two, these 
nodes were negative and in one, their state was not re- 
corded. 

Five patients died of disseminated breast cancer two 
vears or more after their pulmonary procedure. Six other 
patients survived less than two years following lung exci- 
sion. 

Seven patients had various types of pulmonary excisions 
less than five years ago. Two are without evidence of lung or 
breast cancer (at 30 and 37 months); four died of dis- 
seminated breast cancer, three of whom lived beyond two 
years. One additional patient died of tracheo-esophageal 
fistula 32 months after lung therapy. 

Discussion 

Usually when an extrathoracic cancer metastasizes to 
lung, it is manifested from the onset by myriads of shadows. 
Therefore, when a single opacity appears, or at the most two 
or three, it is a unique phenomenon that warrants im- 
mediate efforts to establish a histologic diagnosis. It is only 
by this means that an otherwise equivocal situation can be 
clarified so that specific treatment can be instituted and a 
more reliable prognosis given. 

By following this concept at this institution, over 600 am- 
biguous problems of this type have been resolved: over 500 
were found to have a new primary cancer (Fig. 1); 125 were 
solitary lung metastases originating in virtually all areas of 
the body and 12 had benign lesions. 

When the malignant pulmonary tumors were resected, 
36% of the metastatic group and 26% of those with primary 
lung cancer survived five years or more.” 

When radiologic diagnoses were reviewed for this report, 
it was found that the presumption that a pulmonary shadow 
was a breast metastasis was correct 24% of the time (Table 
2). These oft-repeated errors probably resulted from assump- 
tions based upon seemingly incontrovertible evidence. For 
example, when a breast cancer and the lung shadow were 
synchronous, it seemed logical to assume that the shadow 


Tane 6. Five-year Survival—Metastatic Group. 













Interval Breast 
and Lung Lesion 
(years) 









Pulmonary 


Treatment* —— 












Chest wall resection + 









HA 48F radium implant + ext. R.T. 16.5 years 
MW 65F Wedge excision 9.5 years > NED 
MB 45F Wedge excision 5.6 years 
AK 57F| Synchronous | Wedge excision 6.3 years - DOD 





MP 56F 5 Wedge excision 5.1 years - DOCWD** 





* All had radical mastectomy (one bilateral), two had postoperative 
radiation therapy 


** Perforated bleeding diverticulitis, breast cancer present 
5 year survival-31% (5/16) 
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Lymphomas: 


49 Basal cell ca’s plus 
Hodgkin's disease 8 the following (not shown) 
Leukemia re 5 Triple ca's & 
Lymphosarcoma _ 5 4 separate ca’s 10 
Kaposi 1 ; 5 separate ca's 2 
19 6 separate ca‘s 2 
Anatomic sites of 534 multiple primary cancers, one of which was 


. Fe. l 
ie lung (1933-1972 MSKCC). 
‘was of mammary origin; this interpretation was also given 
when the shadow appeared 28 years later. Also on occasion, 
the shape, size and location of the opacity served to in- 
fluence opinion enough so that a designation of a metastasis 
seemed most tenable at the time. 
A diagnosis given by a radiologist to a clinician has 
weight and influence. Therefore, such statements should be 


_. made with caution. Both should acknowledge that a shadow 


is‘not a histologic diagnosis. In the specific conditions in 
‘question, this fact is of the utmost therapeutic importance: 
lung. cancer is largely cured by surgery, whereas breast 
cancer metastases are managed by ablative surgery, irradia- 
tion, hormonal and/or chemotherapy. To resort to the latter 
regime by presumption may allow a curable cancer to 
become fatal. 

The ambiguity of the exact nature of the pulmonary 
shadows can also occur at the microscopic level. Whereas it 
is easy to distinguish epidermoid or oat cell lung cancers 
from breast metastases, it is often difficult to be sure of this 
distinction when an adenocarcinoma is present because of 
the striking similarities that can exist between these two 
cancers. 

To resolve this, comparison of the lung cancer sections 
with those of the original breast cancer is often rewarding. 
In addition, if the pulmonary lesion is in direct continuity 
with the adjacent bronchial epithelium and in particular, 
shows in situ carcinoma in its immediate vicinity, the tumor 
is believed to be of lung origin. 

Special histochemical staining reactions to ‘identify 
various types of acid mucopolysaccharide (mucus) produc- 
tion may be of some help. In metastatic breast carcinoma 
sections, the mucicarmine stain is often positive, whereas in 
bronchoalveolar carcinoma, it is negative. | 
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The clinical course of the patient may: ‘also be influential 
in resolving this problem. If, for example, after excision: of 
the pulmonary lesion, breast cancer .metastases never 
appear, this could be interpreted as- ' supportive. evidence 
that the nodule was of lung origin.- However, if showers ‘of 
metastases become evident shortly after é excision, this would 
favor the lung tumor as being a metastasis. =<- %4. 

As mentioned previously, the interval between the breas! 
cancer and the lung shadow cannot be used: to. ‘indicate 
the probability of one diagnosis over another. This facti 
well-documented in this study for in ten patients, whens: 
shadow was concurrent with breast cancer, only one provec 
to be a metastasis; eight patients had new-primary: cancer: 
of the lung and in one, it was a benign lesion. Although onl; 
one patient in this synchronous group is alive for fivé year: 
or more, this is not truly representative. of the potentia 
value of aggressive therapy in this setting: It‘ is quite possi. 
ble that others may have survived had appropriate therap} 
been instituted rather than delay resulting’ from: o a 
tion that occurred in the early cases. — oon 

In addition, the length of interval is not a alabie indèx o o 
potential control for it was found that of four who survivec 
five years or more, three had interludes that were less thar 
14 months and in one patient, it was eight’ years. Sever 
others had an interval over ten years but this fact did no 
result in any five year survivors in this group. — 

In three other patients because of evident. widespteac 
metastases, the pulmonary lesion was presumed to be a par 
of disseminated breast cancer. However, in all three; the 
cause of death at autopsy was found to be from. printer; 
lung carcinomatosis instead. i ———— 

Similarly, in the breast metastasis group, among those 
who survived five years or more, one was synchronous. anc 
the others had three, five, six and nine year intervals frori 
the treatment of their primary breast cancer. 4i 

In the metachronous group, the pulmionary:. shadow 
appeared from three months to 28 years later. Twenty-tw 
of these proved to be metastases, one of which matiifestec 
itself 15 years after the breast primary. Thirty- five were: ney 
lung cancers and five were benign. Pe 


i 
Management 


It is a valid premise that the earlier a metastasis or a new 
cancer is detected and treated, the better the chancé fo: 
cure. Therefore, it is necessary that all cancer patients have 
strict periodic and life-long vigilance.’”" TE 

The importance of such continual care is evident in. thi: 
series in which half of the patients developed a pulmonari 
shadow five to 23 years after their primary breast cancer hac 
been excised, This demonstrates that the usual guideline fo: 
cancer control, the so-called five-year cure can provide : 
false sense of security. 

The optimum interval between examinations is, ‘at Beet 
arbitrary but to some extent is determined by actuaria 
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statistics. These show that the probability of metastasis or a 
new primary cancer is highest within five years after detec- 
tion of the known malignant tumor (Table 1). 

Consequently, for the first year, monthly examinations 
should be made: for the second year, bi-monthly, and after 
that, at least 3 or 4 times a year until the fifth anniversary 
has been reached. From then on, semi-annual examinations 
are maintained indefinitely. 

Chest roentgenograms are essential to the care of the 
cancer patient as the lungs are common sites for primary 
tumors or metastases. Fluoroscopy should not be used for 
screening lungs as it is inadequate for detecting small 
opacities and is an impermanent record."* In this series, 
almost a third of the patients had a pulmonary shadow 
found by chance, the chest x-ray having been taken as part 
of a workup or routine followup examination. Therefore, 
it is recommended for heavy smokers and/or those who had 
radiation therapy over the chest (both well known car- 
cinogens), that for the first postoperative year, a 
posteroanterior and lateral chest x-ray should be done every 
three months. However, in all patients, chest x-rays should 
be taken semi-annually or sooner if symptoms warrant. 

Once a pulmonary shadow is found, an orderly progres- 
sion of roentgenographic studies should be made. These in- 
clude obtaining all previous chest x-rays for comparison; 
stereoscopic views in the posteroanterior and occasionally, 
in the lateral projections; tomograms to delineate equivocal 
shadows and uncover otherwise invisible opacities, and 
barium opacification of the esophagus with chest 
fluoroscopy to search for mediastinal and other abnor- 
malities. 

Additional radiographic studies such as a skeletal survey 
and laboratory tests are done in order to determine whether 
metastases are present. However, although some clues are 
afforded by chemistries, scans (liver, brain and bone) and 
selective celiac and superior mesenteric arteriograms, they 
are not, of themselves, totally reliable indices of the 
presence or absence of metastases having often been mis- 
leading in both directions.'® As a consequence, it is unwise 
to decide upon a course of action based solely upon one 
laboratory finding; instead, all studies should be evaluated 
in the clinical context. 

Bronchoscopy to obtain washings and/or a biopsy is 
recommended especially for those whose symptoms suggest 
bronchial involvement,’ for centrally-placed lesions and for 
peripheral shadows that are 2 cm or larger. Cytologic 
studies often afford a good clue as to the nature of the lung 
lesion. In a study of pulmonary metastasis, in 12 patients, 
the diagnosis was established by cytology.* In addition, the 
probability that a new primary lung cancer is present makes 
it mandatory to do it. Exfoliated cells in sputum and/or 
bronchial washings can help distinguish the nature of 
opacities when there is a distinct histologic difference; e.g., 
epidermoid carcinoma of the lung and adenocarcinoma of 
the breast. 


CAHAN AND CASTRO 


Ann Surg * February 1975 


Scalene node biopsy is done if a mass is palpable in the 
area; mediastinoscopy and aspiration biopsies are per- 
formed in selected clinical situations but none of these is 
routine, 

These preliminary studies take a few days to complete. If 
the diagnosis remains in doubt and if, in the aggregate, 
there is no suggestion of uncontrollable carcinomatosis, an 
exploratory thoracotomy should be done. 


Surgical Management 


In these settings, and subject to the patient's general con- 
dition, the extent of pulmonary resection depends upon the 
site and size of the lesion. At exploratory thoracotomy, if the 
lesion is peripheral, a wedge or segmental resection for 
diagnosis is performed initially. If it proves to be a new 
primary lung cancer, a lobectomy, preferably radical in 
type’ is indicated. If the malignant lesion involves the 
main stem bronchus or extensively invades more than one of 
the major lobes, a radical pneumonectomy is completed. 
These radical procedures are recommended for several 
reasons. If a primary lung cancer is present, it is notorious 
for metastasizing to regional lymph nodes. Then, also as has 
been mentioned, if an adenocarcinoma is found on the ini- 
tial pulmonary biopsy, it is often difficult to be sure as to 
whether it originates there or if it is a secondary breast 
deposit. In addition, a breast cancer metastasis in lung can, 
in turn, metastasize to the regional lymphatics; their inclu- 
sion in the resection makes for a more complete cancer 
operation. 

However ideal the above suggestions may be, wedge ex- 
cisions alone have value and may be indicated if the 
pathologist feels that the lung lesion is unequivocally of 
breast origin. In any event, it should be accompanied by 
regional lymph node biopsy. 

For poor risk patients, these limited procedures can also 
be done. Then supplemental radiation and/or chemo- 
therapy can be given for residual disease. 

As there were ten patients who had synchronous breast 
and lung lesions, the problems peculiar to their manage- 
ment should be discussed. The first decision is one of prior- 
ity of operation; which tumor should be treated first? 
Logically, the more malignant of the two deserves prior 
attention, however, the relative degree of malignancy is 
difficult to estimate at times for, the exact nature of the 
pulmonary neoplasm can even resist preoperative 
microscopic definition. 

By and large, common sense should prevail. In general, 
since cancer of the lung is more lethal than that of the 
breast, the higher priority should be given to the lung opac- 
ity. But if the breast and lung lesions are ipsilateral and the 
patient is in good general condition, one may perform both 
procedures at the same time. 

There is some reason to believe that performing surgery 
of the lung first may provide an advantage; namely, the find- 
ings may modify the breast treatment. If, for example, the 
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suspected solitary opacity reveals innumerable pulmonary 
breast cancer metastases instead, the subsequent breast sur- 
gery may be limited to a biopsy. Or, if an oat cell carcinoma 
is found, because it is notoriously lethal, less aggression may 
be shown in the treatment of the breast lesion. 

On the other hand, if the shadow proves to be a new 
primary lung cancer, a solitary metastasis or a benign 
tumor, a more energetic approach in treating the breast 
cancer should be pursued. 

Multiple cancers in the same patient are no longer con- 
sidered to be an oddity. Therefore, one must be alert to the 
possibility of a cancer patient developing new primaries. 
More specifically, we can look forward to seeing more of the 
combination we described as more females are surviving 
their breast cancers and the rate of lung cancer in women is 
rising precipitously. Therefore, the synchronous or 
metachronous occurrence of an opacity should spur im- 
mediate and energetic activity to make a correct diagnosis, 
for it is only by this means that specific treatment can be in- 
stituted and a more accurate prognosis given. 
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Human Tissue Reaction to Sutures 


R. W. POSTLEBHWAIT, M.D., D. A. WILLIGAN, D.V.M., Ph.D., ALEX W. ULIN, M.D. 


Tissue reaction to sutures was studied in 666 specimens obtained 
from patients from one day to 23 years after operation, Reaction 
to catgut depends on the stage of absorption and is mainly 
histocytic in type. Nonabsorbable sutures are encapsulated by a 
rim of connective tissue, while near the suture histocytes, giant 
cells and lymphocytes are found. This is most marked with silk 
and cotton, less so with Dacron, and least with nylon and wire. 
Tissue infiltration into the suture interstices is variable. The 
reactions resemble the findings in experimental animals. 


NUMBER of reports’? have described the tissue 
A reaction to sutures in experimental animals, but to our 
knowledge, no systematic study of these reactions in 
humans has been performed. We believe such a study is of 
interest of itself and also to aid in interpretation of animal 
investigations as applicable to patients 


Methods 


The material was obtained at a second operation on 
patients or at autopsy. A small block of tissue to include at 
least part of the suture was removed, fixed and stained with 
hematoxylin and eosin. Considerable care was taken in 
orienting the tissue so that a cross section of the suture and 
adjacent tissue would be secured. 

The microscopic findings were first described by one of 
us. Independently, another one of the authors graded the 
tissue response to the suture, on a scale of 0 to 4, for tissue 
infiltration into the suture strands and the approximate 
number of the following cells: neutrophils, lymphocytes, 
fibroblasts, histiocytes, and giant cells. As shown in Table 1, 
14% of the 666 specimens were not satisfactory for grading. 
In a number of instances, this was due to hemorrhage 
or infection in the area of the suture. Wire was, of 
course, removed from the tissue before sections were 
cut, and grading was done only when the site of the 
wire could be identified unequivocally. 
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The number of sutures of each type is shown in Table 1 
and the interval the suture had been in the tissue in Table 2. 
The longest intervals, in years, for each suture was catgut 
11. silk 23, cotton 7, wire 33, nylon 10, Dacron 11, and 
Dacron coated with Teflon 6. Sutures were obtained from a 
wide range of sites in the body but 80% came from 
muscle, fascia, or skin. 


Tissue Reaction 


The initial reaction of the tissues is a reflection of the 
amount of injury inflicted by passage of the needle and 
suture. Assuming the same technique, tissue, and other 
reactive factors such as absence of infection, the reaction 
will be the same for all sutures during the first five to seven 
days, if not longer. The following descriptions, therefore, 
concern the chronic rather than the acute response of tissues 
to sutures, 


Catgut 


After the initial reaction subsides, catgut appears the 
same as any monofilament suture with a thin connective 
tissue capsule, a few histiocytes and lymphocytes. The reac- 
tion is altered when absorption begins, the time of absorp- 
tion being variable. The absorbing cells may remain 
primarily at the periphery of the suture or clefts may appear 
in the catgut into which the cells infiltrate. The cells are 
almost exclusively monocytic with a few lymphocytes and 
few or no polymorphonuclear neutrophils. Capillary forma- 
tion is variable and no eosinophilic reaction is seen as occurs 
occasionally in animals. After absorption is complete, the 
site is marked by a collection of monocytes with char- 
acteristic brown, foamy cytoplasm. 

A wide range of apparent biologic variation exists in the 
time of absorption as demonstrated by the catgut sutures 
removed, one at eight and the second after 11 years. 


144 


Vol ISl * No 2 


Tsw l Human Tissue Reaction to Sutures: Source of Material 
Sutures 
Graded Not 
Surgical Autopsy Total Graded Total 
Catgut 12 16 38 18 46 
Silk 224 116 340 50 390 
Cotton 2 2 4 0 4 
Wire 13 2 15 22 37 
Nylon 39 54 93 17 110 
Dacron 23 11 34 7 41 
Dacron-T 27 10 37 l 38 
Total 340 211 551 115 666 
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Both were surrounded by a connective tissue capsule with 
no evidence of absorption. 


Silk 


The reactions to silk may be divided into two major types. 
In the first and most frequent, the suture remains compact 
and is surrounded by a fibrous tissue capsule of variable 
thickness. Within the capsule adjacent to the suture a layer 
of histiocytes is seen, usually from one to three cell layers 
deep. Giant cells vary in both occurrence and numbers. 
Lymphocytes also vary and occasionally occur as focal ac- 
cumulations. In the more cellular reactions, capillaries may 
be prominent. In the second type of reaction, the capsule is 
present but the interstices of the suture are invaded by 
fibroblasts and histiocytes. In rare instances, the reaction 
appears much like a granuloma. 

From clinical experience, silk is known to be absorbed 
and evidence of this was found in this study. A few sections 
were seen in which only four or five strands of silk remained. 
the site characteristically showing a fairly brisk monocytic 
reaction. Another point of interest was those situations in 
which a loop of suture could be reasonably well identified. 
On the side of the suture toward the tension, acellular 
fibrous tissue was present while the cellular reaction was op- 
posite the direction of tension. 


Cotton 


Only a few specimens of cotton were obtained. The reac- 
tion was quite similar to silk but somewhat more cellular. 


HUMAN TISSUE REACTION TO SUTURES 


Tuss 2. Interval Graded Sutures in Tissues 
<1 Year 1-5 Years 6-10 Years >10 Years 

Catcut 26 0 l l 
Silk 199 103 24 l4 
Cotton l 2 J 0. : 
Wire 7 4 2 2* 
Nylon 78 13 2 0) 
Dacron 24 7 2 l 
Dacron-T 25 § 4 0 

Total 360 137 35 19 


Wire 


The spaces left by wire are surrounded by a fibrous tissue 
capsule, all or a part of which is lined by monocytic cells. 
The reaction is considerably less than silk. The spaces tend 
to be oblong or eccentric, suggesting a cutting action. 


Nylon 


The tissue reaction to nylon is the least of all sutures ex- 
amined. All specimens contained the monofilament type, 
and this is surrounded by a narrow, compact fibrous tissue 
zone. Histiocytes adjacent to the suture occur occasionally; 
giant cells rarely, No fragmentation of the suture is seen. 


Dacron 


The tissue reaction to this material is very similar to that 
seen to silk except overall the reaction is considerably less. 
The suture usually remains compact, the fibrous tissue cap- 
sule is lined by histiocytes, and giant cells may be present. 
Invasion between the suture strands does occur and this is 
more likely to develop after longer periods of implantation. 


Dacron Coated with Teflon 


This material elicits a response similar to Dacron with the 
additional reaction due to what apparently is Teflon shed off 
the Dacron. In the sections, this brownish amorphous 
material may remain in or near the suture, stimulating a 
greater cellular response. In a number of specimens, 
however, the Teflon is seen as scattered granules in the 
vicinity of the suture, each particle being surrounded by its 
own histiocytic and giant cell reaction. 
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Fic. 1 (Overleaf, from left to right and above down) G1OD, Gut 10 days, gastroenterostomy. Essentially no reaction G19D, Gut 19 days, subcutaneous 
Absorption beginning, mainly by monocytes. Serrations at edges and one cleft in suture. G20D, Gut 20 days, subcutaneous. No absorption; fibrous capsule 
and little cellular response G42D, Gut 42 days, fascia. Fragmentation of suture with monocytic reaction, GLY, Gut one year, fascia. Brown, foamy rem- 
nants in cells. GI1Y, Gut 11 years, vaginal cuff closure. No absorption or reaction. $55D, Silk 55 days, chest wall. Two characteristic reactions in same 
patient. S55D, Fibrous capsule with moderate cellular reaction around compact suture. $55D, Tissue infiltration among silk fibers. S82D, Silk 82 days, es- 
ophagogastric anastomosis. Part of loop: acellular fibrous tissue at top in direction of tension. S3Y, Silk 3 years, joint capsule. Probably a knot. Fibers of silk 
scattered throughout tissue with granulomatous appearance. S6Y, Silk 6 years, fascia. Number of fibers indicates absorption. S6Y, Silk 6 vears chest wall 


Thick fibrous capsule; monocytes near suture. $12Y, Silk 12 years, abdominal wall 


Mature capsule but still some cellular reaction. S20Y, Silk 20 years, 


fascia. Thick capsule, fairly cellular with monocytes and giant cells near suture. C2Y, Cotton 2 years, fascia. Reaction at opposite poles. (Low power X 40; 


high power X 100) 
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3 Taste 3. Grades of Tissue Reaction 
No Neutro- Lympho- Fibro- Histio- Giant Invasion 
Sutures philes cytes blasts cytes Cells Suture 
Silk 
3 wks.-1 ¥rv 110 0.16 10 23 2.0 09 09 
Silk 
>1 Yr- 14] 012 OS 2.6 2.0 0.9 OS 
Nylon : 
>l Yr 15 00 06 11 04 Ol 0.0 
Dacron 
>1Yr 10 00 OS 20 1.6 1.2 1.2 
Miscellaneous made, the reaction in humans generally is similar to but less 


Suture specimens were obtained from 12 renal transplant 
patients. All were receiving azathioprine and, most of them, 
steroids.” Catgut, silk, nylon and Dacron were examined. 
The transplant had been less than 30 days earlier in four 
patients and ranged from two months to five years in the 
others. The remarkable finding was the very limited 
response, either fibroblastic or histiocytic, to the sutures. Ac- 
tually, in some sections the suture appeared to have dis- 
placed adjacent normal tissue without any cellular response. 


Discussion 


In previously reported animal studies of tissue reaction to 
sutures, one of us®® has utilized a system of grading the 
reaction entailing the size of the reaction zone, the type of 
reactive cells, and an estimate of their number. Although a 
numerical grade is then obtained, the grading process is 
tedious.and the grade of value only for comparisen. In the 
present study, a less detailed system of grading was used 
and no exhaustive analysis was made of the results Grading, 
however, is useful as illustrated by Table 3. The reaction to 
silk in place from three weeks to one year is compared to silk 
in tissue over a year. The grades indicate that little change 
occurs with time for the silk sutures examined. Comparing 
silk with nylon and Dacron indicates the least reaction is 
seen to nylon, a more intense reaction to Dacron. and still 
greater reaction to silk. 

The tissue reaction to sutures has been reported in detail 
in the rat, rabbit, and dog. The reaction in rats to various 
sutures appears to be more severe than that in the rabbit or 
dog.** Our work previously has been almost exclusively 
with rabbits. Although a precise comparison cannot be 


intense than that seen in experimental animals. Transfer of 
the findings in animal studies would, therefore, appear to be 
acceptable with only moderate limitations. 

Unfortunately, the specimens available did not include 
some of the more recently developed sutures, both absorb- 
able and nonabsorbable. Reports of animal studies con- 
cerning these are available, however, and it is apparent that 
the ideal suture remains to be found. 

Parenthetically, in spite of the long exposure to suture 
material in some of the patients, no evidence of neoplasia 
was seen in any section. 


References 


| Dettinger, G B. and Bowers, W. E; Tissue Response to Orlon and 
Dacron Sutures. A Comparison with Nylon, Cotton, and Silk 
Surgery, 42:325, 1957 
Jenkins, H. P., Hrdina, L. A., Owens, F. M., Jr. and Swisher, F. M.: Ab- 
sorption of Surgical Gut (Catgut) HI. Duration in the Tissues After 
Loss of Tensile Strength. Arch. Surg., 45:74, 1942 
3. Lawrie, P, Angus, G. E and Reese, A J. M: The Absorption ol 
Surgical Catgut Br. J. Surg., 46:638, 1959 
4 Lawrie. P, Angus, G. E and Reese, A. J.) M: The Absorption ol 
Surgical Catgut. I. The Influence of Size, Br. J. Surg.. 47:551. 1960 
Madsen, E T: An Experimental and Clinical Evaluation of Surgica 
Suture Materials—L Surg. Gynecol. Obstet., 97:73, 1953. 
6 Madsen, E T: An Experimental and Clinical Evaluation of Surgical 
Suture Materials—Il Surg Gynecol. Obstet, 97:439, 1953 
7 Madsen, E T: An Experimental and Clinical Evaluation of Surgical 
Suture Materials—IIL Surg Gynecol. Obstet., 106;216, 1958 
8 Postlethwait. R W. Schauble, J. F., Dillon, M. L. and Morgan, J 
Wound Healing IL An Evaluation of Surgical Suture Material Surg 
Gynecol. Obstet., 108:555. 1959 
Postlethwait, R W., Dillon, M. L. and Reeves, J. W.: Experimental 
Study of Silk Suture. Arch Surg.. $4:698, 1962 


to 


gı 


© 


»——— M” 


Fic. 2. (Opposite and overleaf, from left to right and above down.) W6Y, Wire 6 years, fascia. Very moderate cellular reaction along one side. W8Y 
Wire 8 years, fascia. Fibrous capsule with fat monocytes lining. NIOD, Nylon 10 days, subcutaneous. No reaction. N2Y, Nylon 2 years, tendon. Unusua 
uniform lining of monocytes, NIOY, Nylon 10 years, fascia. Essentially no reaction. Note physical change in staining of suture. D7M, Dacron 7 months 
chest wall. Fibrous capsule with monocytes near suture. D40M, Dacron 40 months, fascia. Fairly thin capsule; cellular reaction persists with few gian! 
cells. DIIY, Dacron 11 years. Still encapsulated but septa ef fibrous tissue. Note giant cells. T3M, Teflon coated Dacron 3 months, fascia. Cellula 
reaction in part due to shed Teflon. T55W, Teflon coated Pacron 55 weeks, subcutaneous. Dark cellular areas away from suture surround brownisl 
amorphous material thought to be Teflon. T55W, Higher power of previous section. Note area of reaction in left upper corner. T6Y, Teflon coated Dacron 
6 years, fascia. Shed Teflon persists in and near suture. D22D TR), Dacron 22 days, kidney transplant. No reaction. $12D, Three sections of silk 12 days 


skin. Epithelial down growth along suture; note keratin formation 
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What is Clinical Smoke Poisoning? 


In this 13-year study, 51 patients were admitted with the 
primary diagnosis of “smoke poisoning,” “carbon monoxide 
(CO) poisoning” or “respiratory burns.” Forty patients (78% ) 
had diagnosis of smoke poisoning with minor or no skin burns. 
The study indicated that clinical diagnosis of CO poisoning can- 
not be made reliably without carboxyhemoglobin (COHg) 
determination and that smoke poisoning patients often had CO 
poisoning. Seventeen of 19 smoke poisoning patients (89%) had 
CO poisoning above COHb levels of 15% saturation. Carbon 
monoxide was successfully removed from the blood by im- 
proving alveolar ventilation and oxygen concentration. 
However, there were 2 smoke poisoning deaths as the result of 
gaseous chemical injury. There was a correlation coefficient of 
0.87 between initial COHg levels and patients’ hospital days 
primarily determined by patients’ pulmonary complications. 
Since CO is non-irritating, COHb levels may be used as an ad- 
ditional indicator of suspected pulmonary injury by noxious 
combustion gases. 


HE SCIENTIFIC DEFINITION of smoke and the medical 
T meaning of “smoke poisoning’ or “smoke inhalation” 
are not well understood. The purpose of this paper is to 
attempt to define more specifically “clinical smoke 
poisoning as we now understand it. “Respiratory burn” 
pathophysiology has been described earlier.” 

In 1962 Phillips and Cope labeled respiratory tract 
damage as a ‘principal killer’ in burn victims. In 1967, 
Stone reported ‘respiratory burns” in 15% of 197 patients 
some of whom may have had concomitant smoke 
poisoning. Because of recent recognition and difficulty in 
differentiation between respiratory burn and smoke poison- 
ing, there have been no available clinical statistics con- 
cerning incidences of the two conditions or the incidence of 
their coexistence. 

Smoke poisoning and/or asphyxia was the primary cause 
of death in 30% of all fire fatalities in New York City during 
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the years 1966 and 1967.” Respiratory tract involvement 
was found in 70% of deaths under 12 hours and in 46% of 
victims who survived more than 12 hours. 53.5% of 185 vic- 
tims who survived less than 12 hours had smoke poisoning 
and/or asphyxia as the only cause of death. Significantly, 
79% of those having primary diagnosis of smoke poisoning 
and/or asphyxia had actual carbon monoxide poisoning. 
Twenty-four per cent of these patients had lethal levels of 
CO (above 50% carboxyhemoglobin saturation ).** 

Since almost one-third of fire fatalities are due to smoke 
poisoning, and for many years to come combustion will re- 
main the main source of energy, we must regard smoke and 
fumes of combustion as major threats to life. Therefore, it 
behooves us to understand better the acute clinical “smoke 
poisoning which in turn may help our understanding of 
the subtle chronic effects of air pollution and cigarette 
smoking. Through a better understanding of ‘smoke 
poisoning, we may find effective and expeditious methods 
of treatment and prevention. 


Materials and Methods 


In the 13-year period 1960-1972, 51 patients were ad- 
mitted with the primary diagnoses of “smoke inhalation,” 
“CO poisoning” or “respiratory burns.” Patients whose 
main problem was their body surface burns were not in- 
cluded in this study. Thirty of these patients were admitted 
during 1960-1970 and 21 patients in the two years 
thereafter. Their records were evaluated critically with 
respect to admission diagnoses, laboratory analyses, hospital 
course and treatment. 


Results 


These 51 patients were admitted through the emergency 
services of Columbia-Presbyterian Medical Center. Forty 
(78% ) tell in the category of smoke poisoning” on the basis 
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PRIMARY 
CLINICAL 
DIAGNOSIS 


Subjects | Average 
% burn % burn 


POISONING 


~ CARBON 
MONOXIDE 
POISONING 


RESPIRATORY 
BURN 


of having been exposed to the smoke of a fire with minor or 
no body burns. There were six primary clinical diagnosis of 
carbon monoxide poisoning and five patients with the 
primary diagnosis of respiratory burns by examination, The 
ages of these patients ranged 6-76 years and there were 37 
males and 14 females (Fig. 1) 

During the decade of 1960-1970 there was no blood car- 
bon monoxide determination because emergency room 
equipment? for the test was not available With the 
availability of a quick laboratory determination in the 2- 
year period that followed (1971-1972) all 21 patients ad- 
mitted for possible inhalation injuries from a fire were tested 
for carbon monoxide poisoning. 

Clinical diagnosis of CO poisoning without the help of 
blood CO determination was made in 5 patients during 
1960-1970 primarily on the basis of history and neurologic 
sequelae, It is interesting to note that clinical diagnosis of 
acute CO poisoning was made on the basis of cherry-red 
skin in only one patient before the laboratory report of a 
blood CO saturation of 51%. Whereas 17 of 24 (80%) had 
acute CO poisoning at above 15% carboxyhemoglobin 
saturation during 1971 and 1972. 

This study also shows that where clinical diagnosis of 
“smoke inhalation” or “smoke poisoning’ is made, if blood 
CO level is determined, 16/19 (84%) will reveal some 
degree of carbon monoxide poisoning (CO saturation above 
15%). Nine patients had carboxyhemoglobin saturation of 
29° or more. 

Ten patients (20%) had sustained burns of face, upper 
trunk and extremities. Their burns were mostly Ist and 2nd 
degree burns. Patients with the primary diagnosis of smoke 
poisoning had an average of 0.97% body barns whereas 
respiratory burn patients had an average of 12 4% body sur- 


* CO-Oximeter, Instrumentation Laboratory, Inc.. Watertown, Mass 
02172 


ZIKRIA, BUDD, FLOCH AND FERRER 


CLINICAL EVIDENCE 
BSA BURNS OF LATE SEQUELAE 





Ann Surg * February 1975 


LABORATORY 
DIAGNOSIS OF 
CO POISONING 


2 days | 
and | 


I2 days 
J Fu; | Clinical results 


1960-1972 of primary in- 
halation injuries 


face burns. Only one of these patients had a third degree 
burn necessitating a small skin graft (Fig. 1), 

Ten patients (25% ) with the primary diagnosis of smoke 
poisoning and all 5 patients with the diagnosis of respiratory 
burns had some visible evidence of respiratory tract injury 
ranging from ervthema and blisters of the orophyarynx to 
congestion and edema of the tracheobronchial tree as 
observed by direct or indirect laryngoscopy or broncoscopy 
In only three patients did the initial chest X-ray reveal 
pulmonary edema. Although only three admission chest X- 
rays showed initial pulmonary changes, a total of 11 patients 
(28%) developed either pulmonary edema or X-ray 
evidence of pneumonitis during their hospitalization. The 
rest of the patients were treated for atelectasis, probable 
pneumonitis or bronchitis on the basis of fever and their 
chest physical findings 

Since 1970, the mode of initial respiratory resuscitation 
has been influenced greatly by the admission arterial blood 
gases and CO determinations. Six patients required MA-1 
respirator; three resuscitation via tracheostomy, and in 
three patients, nasotracheal or orotracheal tubes were used 
Seven patients were treated with IPPB, five of whom re- 
quired tracheostomy. The remaining cases received 
humidified oxygen by nasal catheter or oxygen tent for vary- 
ing periods of time 

Fourteen patients were placed on prophylactic an- 
tibiotics, usually penicillin, though ampicillin, keflin and 
tetracycline were also utilized. An additional six patients 
developed significant pulmonary infection requiring specific 
antibiotic therapy 

Ten patients were treated with bronchodilators, and three 
patients required digitalis and or diuretics for delayed 
pulmonary edema and congestive heart failure in elderly 
patients. Eight patients of 40 smoke poisoning and one 
patient out of five respiratory burn and none of the CO 


Vol ISL * No 2 


poisoning patients received corticosteroids. The steroids 
were given in 2-4 divided doses within the first 24-48 hours 
only 

The overall mortality was 9.8%, five patients: 3 car- 
diorespiratory arrests and 2 with intractable pulmonary 
edema (4 days post injury) and overwhelming pulmonary 
infection (12 days post injury) respectively (Fig. 1). There 
were two deaths in 40 smoke poisoning patients, one death 
in six carbon monoxide poisoning and two deaths in five 
respiratory burns 

The carbon monoxide clearance from the blood was 
followed with serial determinations of carboxyhemoglobin 
levels. The two patients who had the highest CO levels, 
82% and 51%, both on MA-1 respirators with 100% O». had 
rapid clearance of CO from the blood within four hours. 
Those patients who had CO levels below 30% were treated 
fairly effectively with nasal oxygen and ventimask, bringing 
their blood CO levels to 10-15% within four hours (Fig. 2) 

It is also interesting to note that most patients who were 
hospitalized for longer than 2 days had initial CO levels 
above 15%. There seems a definite relationship between the 
initial blood CO level and the patient's length of 
hospitalization (Fig 3) The patient with 82% car- 
boxyhemoglobin who died 7 hours after admission with 
fatal CO poisoning and another patient whose hospital stay 
was prolonged because of skin grafting were excluded in the 
calculation of correlation coefficient. The 0.87 correlation 
coefficient between initial blood CO levels and hospital days 
indicated a fairly good correlation between initial blood CO 
levels and pulmonary damage as well, since patients length 
of hospital stay was primarily determined by the degree of 
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pulmonary complications as a result of exposure to smoke 
Since CO is not noxious, and as we have shown in dog ex- 
periments,” does not cause pulmonary edema, the reason 
for this relationship may be nothing more than CO acting as 
an indicator of other gaseous exposure which is injurious to 
the lungs. but not detected in blood or other tissues. 
Therefore. we have clinically used carboxyhemoglobin 
levels as a possible index of pulmonary injury by other in- 
jurious gases which coexist with carbon monoxide in smokes 
of structural fires. Smoke poisoning patients who have 
clinical evidence of tracheobronchial tree or pulmonary in- 
jury and those patients without clinical evidence of such in- 
jury but who have carboxyhemoglobin levels of 20% or 
more, are usually hospitalized for observation for at least 24 
hours if the blood CO determination was made within one 
hour of acute exposure to fire products. It must be pointed 
out that in many smoke poisoning patients evidence of 
pulmonary injury may not become clinically obvious until 
12-48 hours. A chart has been constructed on the basis of 
clinical blood CO clearance curves and the experimental 
data. From such a chart one can interpolate the ap- 
proximate blood CO levels at the time of exposure if the 
delay time and emergency blood CO determination are 
known (Fig. 4) 


Discussion 
Clinical 
We believe that the significance and diagnosis of inhala- 
tion injuries in fire victims, by and large, have been un- 
derestimated and overlooked. The inhalation injury may be 
predominantly “smoke poisoning” without significant body 
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surface burns and appears to be primarily a chemical injury 
to tracheobronchial tree and lung parenchyma. Such injury 
can extend to the peripheral respiratory tissues and rapidly 
emerge as dyspnea with wheezes and rales. Whereas in the 
“respiratory burn” occurring in patients with significant 
burns of anterior chest, neck, face, mouth and/or nose with 
singed vibrissae, the thermal energy seems to inflict the 
primary injury, This injury often is central, e.g, involving 
upper respiratory tract, pharynx larynx, trachea and 
probably proximal major bronchi. Blood carboxy- 
hemoglobin level may have no relevance in such 
primary injury. Pathophysiology of this type of injury has 
been described in another publication.” No doubt there are 
some patients who have a combination of chemical gaseous 
and thermal injuries to the respiratory tissues. The intention 
of this paper is to discuss the “smoke poisoning” as the 
primary injury 

From our studies it appears that the clinical smoke 
poisoning or “smoke inhalation” is often a chemical 
respiratory injury with concomitant carbon monoxide 
poisoning. This study shows that visible respiratory tract 
damage is seen in about 25% of smoke poisoning cases and 
in five out of five (100% ) respiratory burn patients. Because 
of low specific heat of gases the thermal injury does not seem 
to proceed beyond the major bronchi,’ whereas chemical 
gas injury easily reaches the alveolar level. It is thus in- 
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teresting that most tracheostomies were done in respiratory 
burn patients for upper airway obstruction and in those with 
chemical injury of smoke poisoning, tracheostomy was done 
after prolonged intubation (longer than 5 days) and ven- 
tilatory support for patchy atelectasis, interstitial edema. 
and/or excessive secretions. There is no doubt that one 
should avoid doing tracheostomies when it is not absolutely 
necessary since it acts as an insult to injury.” 

The study clearly points out as did the autopsy studies,” 
that clinical diagnosis of carbon monoxide poisoning on the 
basis of cherry coloring of skin or mucus membranes is un- 
reliable. Therefore, only by blood CO determinations or 
blood oxygen content determinations that we will be able to 
know that carboxyhemoglobin is the cause of hypoxia in 
these patients and therefore treat them accordingly. The 
treatment is directed to improve the alveolar ventilation 
and increase the alveolar oxygen tension so that by mass ac- 
tion the oxygen will replace the CO on the hemoglobin 
molecule. 2811215 No doubt the vigor of treatment will 
vary with the extent of carbon monoxide poisoning. There 
have been good results reported with rapid clearance of CO 
from the blood in hyperbaric chambers."*"” 

In smoke poisoning patients who had very high car- 
boxyhemoglobin saturation 82% and 51% with associated 
clinical interstitial edema, intubation (naso or orotracheal) 
and use of respirators with PEEP were indicated for both 
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clearance of carbon monoxide and the treatment of hypoxia 
and interstitial edema. Most of our smoke poisoning 
patients seemed to rid themselves of CO fairly adequately 
which may be due to their short exposure time in high con- 
centrations of CO. Their problem, with the exception of one 
patient, seemed to be injury to respiratory tissue by 
probably other noxious and irritating gases than the effect of 
CO per se. The one patient who had carboxyhemoglobin 
saturation of 82% died 7 hours after admission despite 
vigorous resuscitation as a result of CNS and myocardial 
damage. Possibly hyperbaric (2-2/2 atmosphere) oxygen 
chamber may have been of benefit in this case. 

The evaluation of late sequelae following inhalation in- 
jury was difficult to determine since many of the patients 
admitted were not seen in the hospital prior to their 
emergency admission. In the followup clinic visits, six of 40 
smoke poisoning patients were felt to have some pulmonary 
disease such as bronchitis, asthma, and amphysema. Two of 
five respiratory burn patients similarly demonstrated some 
mild degree of pulmonary ailment and/or disease. There 
was one of 40 smoke poisoning patients and three of six car- 
bon monoxide poisoning patients with neurologic sequelae 
such as residual encephalopathy (poor mentation, chore- 
oathetosis, hemiparesis) and/or peripheral neuropathy. 
Four of these patients were electively admitted primarily 
for neurologic evaluation of previous furnace and stove car- 
bon monoxide poisoning * 

In spite of controversy in regard to the use of steroids in 
inhalation injuries, it is our impression that patients with 
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smoke poisoning who sustain peripheral respiratory injury 
may benefit from 2-4 doses of steroids within the first 24-48 
hours, possibly helping to reduce interstitial edema and 
more significantly to release bronchial and bronchiolar 
spasm. In respiratory burns, on the other hand, the injury is 
proximal and central with possible break of respiratory 
mucosal barrier against invasive infection for which little 
would be gained by use of steroids and may be harmful 
since infection plays a major role in such injury. Conse- 
quently, in respiratory burns, we have recommended use of 
penicillin against B-hemolvtic streptoccus for the first 3 or 4 
days and then the use of proper antibiotics according to 
culture and sensitivity. Whereas in the case of smoke 
poisoning since mucosal break is not common initially, the 
problem is peripheral with bronchospasm, edema, atelec- 
tasis and increased secretions. In such cases, therefore, 
proper antibiotics are only used on the basis of culture and 
sensitivity in established infections. 


Experimental 


In order to learn more as to what smoke poisoning was 
etiologically as well as pathophysiologically, we had con- 
ducted several sets of experiments. In one set we exposed 
anesthetized mongrel dogs to standardized smokes of wood 
and kerosene. To our surprise, kerosene smoke neither killed 
nor produced pulmonary edema whereas wood smoke 
killed 50-60% of the animals and caused heavy lungs with 
pulmonary edema and congestion.” It was also found that 
neither carbon monoxide nor soot per se caused pulmonary 
edema or death in animals following resuscitation 
Therefore, it was concluded that an invisible noxious gas or 
gases were responsible for pulmonary damage and death in 
animals. When wood and kerosene smokes were analyzed 
by mass spectrometry, gas chromatography and chemical 
analyses, there were significant quantitative differences in 
only two gases; carbon monoxide and aldehydes. There was 
10 times more carbon monoxide and 15 times more 
aldehydes in wood smoke than in kerosene smoke. Since 
carbon monoxide was known and was shown in the above 
mentioned experiments as non-irritating, aldehydes were 
considered the likely etiologic gases in the production of ex- 
udative pulmonary edema. Short chain aldehydes are well 
known irritants of mucus membranes in industrial tox- 
icology. In-experimental animals these aldehydes have 
caused pulmonary edema and death. For example, acrolein, 
a three carbon aldehyde compound in a concentration of 5.5 
ppm (parts per million) has been shown to cause irritation of 
the upper respiratory tract and death with pulmonary 
edema occurring in a few minutes at a concentration of 10 
ppm.’ In human volunteers, inhalation of acrolein at con- 
centration of 0.805 ppm causes lacrimation and irritation of 
all exposed mucous membranes.'* The industrial maximal 
allowable (MAC) concentration of acrolein is 0.1 ppm." 
Acrolein was present in wood smoke as 50 ppm and in 
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kerosene smoke as | ppm. It is likely that the agents causing 
tracheo-bronchial and pulmonary parenchymal damage of 
smoke poisoning in man are also the aldehydes which are 
found in large quantities in smoke and combustion of wood, 
cotton, fyrniture and non-synthetic structural materials." 

A mechanism accepted as the basis for the partially 
irreversible reaction between aldehydes (e g., for- 
maldéhyde) and an amino acid functional group is regarded 
as being responsible for processes as diverse as tanning 
leather and producing toxoids for use in vaccines The inac- 
tivation of viruses with formaldehydes, however, is said to 
be by reaction of the fixative with nucleic acid compound 
(i.e. RNA in the tobacco mosaic virus) rather than the pro- 
tein contained in the virus particles.’ More specifically, the 
reaction is said to be one of denaturation followed by reac- 
tion with freed nucleotide amino groups, especially in the 
case of adenine and cystosine residues with the reaction 
most likely occurring with the nitrogen in position 6.°° The 
denaturation of amino acids or RNA by aldehydes appears 
to be partial or complete according to the extent of involve- 
ment of hydrogen binding sites. It is reasonable to believe 
that such denaturation by aldehydes is cumulative during 
long term or repeated exposures. As a result, the possible 
role of aldehydes in lung damage by cigarette smoking is 
presently under consideration. 

Although our experiments identified carbon monoxide 
and aldehydes as the poisonous gases from wood, kerosene, 
cotton and furniture smokes, there is no doubt that other 
noxious gases such as sulfur or nitrogen oxides, hydrochlorides, 
hydrocyanic acids, chlorine, fluorine, lead oxides, ammonia 
and possibly some other gases can damage respiratory 
tissues when produced in significant concentrations from 
combustion of other materials. 
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including bowel infections, peritonitis, 
pyelonephritis, cholecystitis, 
prostatitis, cellulitis, abscesses, 
and wounds 


WHEN CAUSED BY SUSCEPTIBLE* STRAINS OF THESE ORGANISMS 
Klebsiella pneumoniae,‘ Enterobacter aerogenes, Escherichia coli, Bacteroides 
*Many strains of bacteria have been shown to be resistant to tetracyclines. These include strains of 


streptococci, pneumococci, and many gram-negative organisms. Therefore, culture and sensitivity testing 
are advisable to determine the susceptibility of the infecting organism to doxycycline. 
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The once-a-day intravenous antibiotic 


The usual adult dosage of Vibramycin I.V. is 200 mg. on the first day 
of treatment administered in one or two infusions. Subsequent 
daily dosage is 100 to 200 mg. depending upon the severity of infection, 
with 200 mg. administered in one or two infusions. 


Vibramycin® Hyclate (doxycycline hyclate) and 

Vibramycin® Hyclate I.V. (doxycycline hyclate for injection) 

BRIEF SUMMARY 

Contraindicated: In persons hypersensitive to any of the tetracy- 
clines. 

Warnings: Use of tetracyclines during the last half of pregnancy, in- 
fancy and childhood to the age of 8 years may Cause permanent 
discoloration of developing teeth. This is more cammon during 
long-term use of the tetracyclines but has been observed following 
repeated short-term courses. Enamel hypoplasia has also been re- 
ported. Thus, tetracyclines should not be used in this age group un- 
less other drugs are not likely to be effective or are contraindicated. 
Individuals receiving tetracycline antibiotics should ba advised that 
direct sunlight or ultraviolet light can cause photosensitivity reac- 
tions. If these reactions (exaggerated sunburn) occur, discontinue 
therapy. Doxycycline forms a stable calcium complex in any bone- 
forming tissue. Fibula growth has been decreased in prematures 
given oral tetracyclines 25 mg./kg. q. 6 h., but this reaction was re- 
versible when the drug was discontinued. 

The antianabolic action of the tetracyclines may Cause an in- 
crease in BUN. Studies to date indicate that this dpes not occur 
to a signiticant degree with the use of Vibramycin in patients with 
impaired renal function. 

Vibramycin Intravenous has not been studied in pregnant pa- 
tients. It should not be used in pregnant women unless, in the judg- 
ment of the physician, it is essential for the welfare of the patient. 

Animal studies indicate that tetracyclines cross the placenta, are 
found in fetal tissues and can have toxic effects on the developing 
fetus. Evidence of embryotoxicity has also been noted in animals 
treated early in pregnancy. 

The use of Vibramycin Intravenous in children under 8 years is 
not recommended because safe conditions for its use have not 
been established. 

Tetracyclines are present in the milk of lactating women who are 
taking a drug in this Class. 

Precautions: Overgrowth of nonsusceptible organisms may occur, 
including fungi. If such superinfections are encountered, discon- 
tinue Vibramycin and institute appropriate therapy. 

In venereal disease when coexistent syphilis is suspected, a dark- 
field examination should be done before initiating therapy. Conduct 
monthly serological tests for at least 4 months. 

Because tetracyclines depress plasma prothrom™in activity, pa- 
tients on anticoagulant therapy may require downward adjustment 
of their anticoagulant dosage. 

In long-term therapy, conduct periodic laboratory evaluation of 
organ systems, including hematopoietic, renal and hepatic. 

Treat all Group A beta-hemolytic streptococcal infections for at 
least 10 days. 

Avoid giving doxycycline with penicillin because cf possible inter- 
ference with penicillin activity. 

Antacids containing aluminum, calcium, or magnesium impair 
absorption and should not be given concomitantly ta patients taking 
oral Vibramycin. 

Adverse Reactions: Anorexia, nausea, vomiting, diarrhea, glossitis, 


dysphagia, enterocolitis, inflammatory lesions (with monilial over- 
growth) in the anogenital region, maculopapular and erythematous 

rashes, exfoliative dermatitis, photosensitivity, urticaria, angio- 
neurotic edema, anaphylaxis, anaphylactoid purpura, pericarcitis, 
exacerbation of systemic lupus erythematosus, hemolytic anemia, 
thrombocytopenia, neutropenia and eosinophilia have been re- 
ported. Prolonged administration of tetracyclines may produce 

brown-black microscopic discoloration of thyroid glands. No ab- 
normalities of thyroid function studies are known to occur. Bulging 

fontanels have been reported in young infants on therapeutic dos- 
age but disappeared when the drug was discontinued. A dose- 
related rise in BUN has been reported. 

Oral Adult and Children's Dosages: See the Vibramycin Oral pack- 
age insert for recommended dosage schedules for adults and 

children. 

Intravenous Dosage and Administration: Note: Rapid administration 

is to be avoided. Parenteral therapy is indicated only when oral 

therapy is not indicated. Oral therapy should be instituted as soon 

as possible. If intravenous therapy is given over prolonged periods 

of time, thrombophlebitis may result. 

The usual dosage and frequency of administration of Vibramycin 
I.V. (100-200 mg./day) differs from that of the other tetracyclines 
(1-2 Gm./day). Exceeding the recommended dosage may resu't in 
an increased incidence of side effects. 

Studies to date have indicated that Vibramycin, at the usual rec- 

ommended doses, does not lead to excessive accumulation of the 
antibiotic in patients with renal impairment. 
Intravenous Adult Dosage: The usual dosage of Vibramycin I.V. is 
200 mg. on the first day of treatment administered in one or two in- 
fusions. Subsequent daily dosage is 100 to 200 mg. depending on 
the severity of infection, with 200 mg, administered in one or two 
infusions. 

In the treatment of primary and secondary syphilis, the recom- 

mended dosage is 300 mg. daily for at least 10 days. 
intravenous Children's Dosage: The recommended dosage schedule 
for children weighing 100 pounds or less is 2 mg./|b. of body weight 
on the first day of treatment, administered in one or two infusions. 
Subsequent daily dosage is 1 to 2 mg./lb. of body weight given as 
one or two infusions, depending on the severity of the infection. For 
children over 100 pounds the usual adult dose should be used. ‘See 
“Warning” Section for Usage in Children.) 
General: The duration of infusion may vary with the dose (100 to 
200 mg. per day), but is usually one to four hours. A recommended 
minimum infusion time for 100 mg. of a 0.5 mg./ml, solution is one 
hour. Desired concentrations of the final solution should be 0.2 
mg./ml. to 0.5 mg./ml. Concentrations below 0.1 mg,/ml, or above 
1.0 mg./ ml. are not recommended. Therapy should be continued for 
at least 24-48 hours after symptoms and fever have subsided. The 
therapeutic antibacterial serum activity will usually persist for 24 
hours following recommended dosage. 

Intravenous solutions should not be injected intramuscularly nor 
subcutaneously. Caution should be taken to avoid the inadvertent 
introduction of the intravenous solution into the adjacent soft tissue. 

More detailed professional information available on request. 
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In 1971, DAVIS+GECK brought 
you the world's first synthetic ab- 
sorbable suture— DEXON. Now, 
DAVIS+GECK brings you a choice 
—DEXON sutures in either green 
or gold. 

DEXON in green offers all the 
advantages of the gold suture... 
plus the added benefit of high visi- 
bility. It is ideal for use in deep 
tissue or any bloody field—partic- 
ularly in urologic, intestinal, and 
gynecologic surgery. Since it 
leaves no residual color, this green 
suture may also beusedin the skin. 

It is available in sizes 1 to 6/0, 
needled or non-needled, and costs 
no more than catgut. 
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abdominal incision 


DEXON Sutures 
Green or Gold 





DEXOM polyglycolic acid suture 


Complete Product Information 
DESCRIPTION DEXON? polyglycolic acid 
Suture — Synthetic. Absorbabie is a 
homopolymer of olycolic acid The sutures ore 
stere, inen, nonccllagenous, nonantigenic 
nonpyrogenic, flexipie, braided, either 
unayed with a natural beige color or dyed 
green with D&C Green No. 6, They are 

uniform IN size anc tensile strength. but are 
smaller in Giometer than other Absorboble 


suraical Sutures of equivcient tensile strength 


ACTIONS When DEXON is placed in tissues a 
minimal tissue reaction occurs, which Is 
followed by a microscopic layer of fibrous 
connective tissue which grows into the suture 
maternal. Animal studies (subcutaneous tissue 
IN fats, rabbits and dogs) revealed minimal 
absorption at 7 to 15 days, significant 
adsorption ot 30 days. and maximurr 
resorption after 60 to 90 days. Tensile strength 
not being a function of the absorption rate 
may vary from tissue fo tissue, depending ir 
part on the rate of hydrolysis. The early tensile 
strength of DEXON is reported to be greater 
than that of comparable chromic catgut. Ir 
onimal studies (subcutaneous hssue of rats 
faodits and dogs) there occurred o 30 to 
50% loss of initio! tensile Strength in one week 
and 60 to 80% oss IN two weeks, at which time 
Qs in the case with chromic catgut no useful 
residual tensile strength remains 


INDICATIONS DEXON sutures are indicated 
whenever absorbable sutures ond ligatures 
ore employed. provided thot extended 
OPpProxiManon of hssues is not required or 
where undue postoperative tension or stress 
Is Not anticipated. DEXON is also indicated 
where non-obsorbable sutures are used for 
tneir characteristic lack of tissue reaction 


CONTRAINDICATIONS DEXON is 
contraindicated where extended 
approximation of tissues under strain must be 
manianed 


WARNINGS The safe use of this suture in 
corchovasculor ond neural surgery has not 
Deen established 


Under certain circumstances, notobly 
orthopedic procedures. immobilization by 
extemal support may be employed at the 
aiscretion of the surgeon 


WO not resieniize Discord opened, unused 


sutures 


PRECAUTIONS Ac ceptable surgical practice 
should be followed with respect to drainage 
and closure of infected wounds. DEXON 
suture knots must be propery ploced to be 
secure Therefore place first throw in precise 
DoOsIfion for final knot using a double loop 
he second throw square using horizontal 
tension. additional throws may be used os 
Cesvec. Skin sutures which remain in place 
for periods of longer than seven days may 
couse localized topical imitation and the 
extended portion of suture may be snipped 
off after five t0 seven Gays, as indicated 


ADVERSE REACTIONS Those reactions that 
have been reporied include tissue reactior 
or inflammation, fibrous or granulation tissue 
wound separation anc bleeding and 
accumulation of fluid around subcuticular 
Stitches 


DOSAGE AND ADMINISTRATION Use os 
required. Do not restenilize. Discard opened 


UNUSEC sutures 


HOW SUPPLIED Suture sizes 7-0 through 2 
SUPPE IN Cul lengths or ligating reels 
non-needied or affixed to the various 

DAVIS + GECK ATRAUMATIC needles in one 


ond three dozen packages. 
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DAVIS+GEC 


Cor VORarT ed Lompany 


Perot River N Y 10068 
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PRESERVE and PROTECT 
YOUR COPIES OF 
ANNALS of SURGERY 


Now, your journals can become a hand- 
some addition to your professional library. 


These file boxes are designed and cus- 
tom-made to keep your copies orderly, 
readily accessible and clean. 


Durable book-binder’s board covered 
with scuff-resistant, washable Leathertex. 
Lettering embossed in 23-Karat gold leaf. 


Jesse Jones Box Corp. (since 1843) 
Dep't. JBLA—Phila., Pa. 19141 


Gentlemen: Kindly send me: 
Reasonably priced, too. Only $4.25 ea. [7 


3 for $12.00 ] 6 for $22.00 m 
Add $1.00 postage per file for orders outside the U.S 


C Check enclosed (Make check payable to: 
Jesse Jones Box Corp., Box 5120, Phila.. Pa. 
19141) 


Name — 7 * 





Address 





City/State/Zip 





Shipped postpaid U.S. only. Satisfaction unconditionally 
guaranteed or your money back. 


Why 












pHisoHex® 


sudsing antibacterial soapless skin cleanser 


pHisoHex contains a colloidal dispersion of hexa 
chioropnene 3% in a stable emulsion Consisting of 
entsufon sodium sodium octylphenoxyethoxyethy! 
ether sulfonate) 50%, petrolatum 7%, lanolin choles 


terols 0.7%, methylcellulose, polyethylene glyco 

polyethylene glycol monostearate, lauryl myristy! di- 
ethanolamide, sodium benzoate, and water. pH (5,0 
to 6.0) is adjusted with hydrochloric acid, All ingredi- 
ents w/w 

Actions: pHisoHex has bacteriostatic action against 
staphylococci and other gram-positive bacteria. Cu- 
mulative antibacterial action develops with repeated 
use. 

indications: pHisoHex is indicated for use as a sur- 
gical scrub and a bacteriostatic skin cleanser. It may 
aiso be used for washing to control an outbreak of 
gram-positive infection in the nursery when good 
hospital practice has been inadequate as a total pro 
gram of infection control. It should be used only as 
long as necessary for infection control. (See Warnings.) 
Contraindications: pHisoHex should not be used on 
burned or denuded skin. It should not be used as an 
occlusive dressing, wet pack, or lotion. It should not 
be used routinely for prophylactic total body bathing. 
it should not be used as a vaginal pack or tampon, 
or on any mucous membranes. pHisoHex should not 
be used on persons with sensitivity to any of its com- 
ponents. It should not be used on persons who have 
demonstrated primary light sensitivity to halogen- 
ated phenol derivatives because of the possibility of 
cross-sensitivity to hexachlorophene. 


Warnings: RINSE THOROUGHLY AFTEh USE, espe- 


cially from sensitive areas such as the scrotum and 
perineum 
fant especially premature infants or those with 
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dermatoses, aré particularily susceptible to hexa- 
hie phe it rotor Systemic toxicity may be 
nanivestes Dy ns of st ation (irritation) of the 

ntral nervous system, sometimes with convuis 

va za nhas been reported, with a symmetr 
tr auia JistriDut f f tne brainstem eticuiar 
formation of premature infants of low birth weight 
especiall those with skin rashes and wound WhO 
were was ed with 3% hexachioropnene, However, the 
clinical irrelates of such vacuolization Nave not 
been esteplished since these infants also fad critical 
clinical conditions or pathologic findings of inde 
pendent etiology. Some recent opinions express par 
ticular conc ern with respect to the use of oH Mex 
on premature infants. Although the scientific picture 
§ still incomplete, pHisoHex should not be used on 
premature infants unless, in iNe juagmer t of the ore 
ise is redguired by the f Jue 


nD ng Ny sician its 
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ic i } 


wcun es of an individual case 

When preparations containing hexachlorophene are 
left in centact with burned or denuded skin or mu- 
cous membranes, sufficient hexachlorophene may be 
absorbecto cause toxic symptoms 

PHISOREX SHOULD BE DISCONTINUED 
PROMPTLY IF SIGNS OR SYMPTOMS OF CERE- 
BRAL IRRITABILITY OCCUR. Experimental and 
clinical evidence indicates that hexachlorophene tox- 
icity is reversible 

In a small number of reported cases, fatal intoxica- 
tions from hexachlorophene have occurred. These 
cases include misuse of 3% hexachlorophene on 
burned skin, or exposure to a powder accidentally 
containirg approximately 65% hexachlorophene 
Examinations of brain tissue in some of these cases 
revealed vacuolization like that which can be pro- 
duced inmmewborn experimental animals following re- 
peated topical application of 3% hexachlorophene 


hexacnioropnene 
of entsufon sodium (sodium octyiphenoxyethoxyethy! ether sulfonate) 50% 
nolin cholesterols 0.7%, methylcellulose, polyethylene glycol, polyethylene gly 
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Why pHisoHex* ? 


pHisoHex contains 3% hexa- 
chlorophene with cumulative 
antibacterial action on the 
hands, unique among anti- 
bacterial agents. 


Why is this important? 


pHisoHex continues to protect 
during the interim between 
scrubs if used regularly as 
directed. 


Is there an alternative? 


While more frequent washing 
with other agents is an alter- 
native, it is not a practical one 
for prolonged surgery. 


But there’s no need for an 


alternative! 

Nonalkaline, hypoallergenic 
pHisoHex is clearly indicated 
for staphylococci and other 


gram-positive bacteria as a 


bacteriostatic hand cleanser 
and surgical scrub. Rinse 


thoroughly after use. 


pHisoHex is intended for external use only. If swal- 
lowed, pHisoHex is harmful, especially to infants 
and children. pHisoHex should not be poured into 
measuring cups, medicine bottles, or similar con- 
tainers since it may be mistaken for baby formula or 
other medications. 

Precaution: pHisoHex suds that get into the eyes 
accidentally during washing should be rinsed out 
promptly and thoroughly, 

Adverse Reactions: Dermatitis and photosensitivity. 
Sensitivity to hexachlorophene is rare; however, per- 
sons who have developed photoalleray to similar 
compounds also may become sensitive to hexachlioro- 
phene 

In persons with highly sensitive skin, the use of 
pHisoHex may at times produce a reaction chartac- 
terized by redness and/or mild scaling or dryness, 
especially when it is combined with such mechanical 
factors as excessive rubbing or exposure to heat or 
cold 

Treatment of Accidental Ingestion: The accidental 
ingestion of pHisoHex in amounts from 1 to 4 oz. has 
Caused anorexia, vomiting, abdominal cramps, diar- 
rhea, dehydration, convulsions, hypotension and 
hock, and in several reported instances, fatalities 
The stomach should be evacuated by emesis or lav- 
age followed by 2 oz. of olive oil or vegetable oil and 
then by a saline cathartic with symptomatic and sup- 
portive treatment as indicated, See package insert 
or POR for details. 

How Supplied: pHisoHex is available in unbreakable 
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plastic squeeze bottles of 5 ounces, 1 pint, plastic 
bottles of 1 gallon, and Y oz, (8 ml.) unit packets, 
boxes of 50. pHisoHex should not be dispensed from, 


containers with 


or stored ordinary metal parts 


Winthrop Winthrop Laboratories 


New York. N.Y. 10016 
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In serious gram-negative infections a 


Three good reasons — 
to initi —*— 
Garamycin Injectable 








1. Unique spectrum. 


2.Incidence of bacterial 
resistance is lowand has 
not increased significantly. 


3. Relatively low order of 
adverse renal andeighth 
nerve reactions when used 
as directed. 





1. Unique spectrum. 


Garamycin Injectable 
(gentamicin sulfate) is 
active against susceptible 
strains of seven major 
gram-negative pathogens. 
These are: 


Escherichia coli 

Proteus, indole-negative 
Proteus, indole-positive 
Pseudomonas aeruginosa 
Klebsiella 
Enterobacter (| species 
Serratia 





Escherichia Proteus Proteus Pseudomonas Klebsiella Enterobacter Serra 
Garamycin Injectable is also highly = ee phage cee. Sen 

effective against susceptible strains negative positive 

of Staphylococcus aureus and may 

be considered when penicillins are 


contraindicated. 


2. Incidence of bacterial resistance is 
low and has not increased significantly 


In vitro susceptibility Ina five-year study’ in over 100 hospitals 


5 gram-negative pathogens identified and 

virtu ally unc ha nged tested demonstrated high susceptibility to 
GARAMYCIN. From 1970 through 1974, 

there was virtually no change in the 
percentage of strains of major gram- 
negative pathogens susceptible to 
GARAMYCIN 

in the seven or eight years’ experience 
of one investigator? where gentamicin has 
been restricted to parenteral use, 
resistance has not appreciably changed. 

Resistance has been demonstrated to 
develop slowly in stepwise fashion. No 
one-step mutations to high resistance have 
been reported. 


References 

1. LM.S. Audit of Pathology Cultures—1970-74 
2 Jackson, G.G.: Highlights of a Symposium on 
Gentamicin, a filmed panel discussion 
summarizing a symposium on gentamicin, 

* in vitro susceptibility data University of California Schoo! of Medicine, 
are not necessarily indicative Los Angeles, January 26, 1971 

of clinical effectiveness 
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3. Relatively low order of adverse 





renal and eighth nerve reactions 
when used as directed. 


Adverse renal reactions 
The risk of adverse renal reactions is lowin 
patients with normal renal function. Usually 


manifested by nitrogen retention as evidenced 


by arising BUN and creatinine, they occur 
most often in patients with pre-existing renal 
damage and in patients receiving 


largerthan % à recommended doses 
or treated for | longer periods of time than 
See Warning Box below 


recommended. 





WARNING 


Patients treated with GARAMYCIN Injectable should be 
under close clinical observation because of the potential 


toxicity associated with the use of this drug 





Adverse eighth nerve reactions 

The incidence of adverse eighth nerve reactions with 
GARAMYCIN Injectable is relatively low. When occurring, 
the effect is predominantly on the vestibular branch 

of the eighth cranial nerve, resulting in vestibular 
dysfunction with vertigo and tinnitus. These symptoms 
have, in many cases, been transitory. The known effect 
on the auditory branch to date mostly has involved 
only the high-frequency hearing ranges. See Warning 
Box below. 





A logical choice 


in serious gram-negative infections’ 


pneumonia 

urinary tract infections 
septicemia 

wound infections 

Due to susceptible organisms 


Garamycin 


40mg./ml. 


equ valent 








In event of overdose or toxic reactions, peritoneal 
dialysis or hemodialysis will aid in removal of gentamicin 
from the blood 


Ototoxicity, both vestibular and auditory, can occur 
n patients, primarily those with pre-existing renal damage 
treated with GARAMYCIN Injectable, usually for longer 
periods or with higher doses than recommended 

GARAMYCIN Injectable is potentially nephrotoxic, and 
this should be kept in mind when it is used in patients with 
pre-existing renal impairment 

Monitoring of renal and eighth nerve function is recom- 
mended during therapy of patients with Known impairment 
of renal function. This testing is also recommended in 
patients with normal renal function at onset of therapy who 
develop evidence of nitrogen retention (increasing BUN 
NPN, creatinine or oliguria). Evidence of ototoxicity re- 
quires dosage adjustments or discontinuance of the drug 


Serum concentrations should be monitored when 


feasible and prolonged concentrations above 12 mca_/mi 


should be avoided 

Concurrent use of other neurotoxic and/or neohrotoxi 
drugs. particularly streptomycin, neomycin, kanamycin 
cephaloridine, viomycin. polymyxin B, and polymyxin E 
(colistin), should be avoided 


The concurrent use of gentamicin with potent diuretics 


should be avoided. since certain diuretics by themselves 
may cause ototoxicity In addition, when administered 
intravenously, diuretics may cause a rise in gentamicin 
serum level and potentiate neurotoxicity 


USAGE IN PREGNANCY Safety for use in pregnancy has 


not been established 





See Clinica! Considerations section which follows 


-Alogical choice 


in serious gram-negative infections 


GARAMYCIN® Injectable, brand of gentamicin 
sulfate, U.S.P., injection, 40 mg. per mi. 

Each mi. contains gentamicin sulfate equiva- 
lent to 40 mg. gentamicin 

For Parenteral Administration 


WARNING 

Patients treated with GARAMYCIN 
Injectable should be under close clinical 
observation because of the potential 
toxicity associated with the use of 
this drug. 

Ototoxicity, both vestibular and 
auditory, can occur in patients, primarily 
those with pre-existing renal damage, 
treated with GARAMYCIN Injectable, 
usually for longer periods or with higher 
doses than recommended. 

GARAMYCIN Injectable is potentially 
nephrotoxic, and this should be kept in 
mind when it is used in patients with 
pre-existing renal impairment. 

Monitoring of renal and eighth nerve 
function is recommended during therapy 
of patients with known impairment of 
renal function. This testing is also 
recommended in patients with normal 
renal function at onset of therapy who 
develop evidence of nitrogen retention 
(increasing BUN, NPN, creatinine or 
oliguria). Evidence of ototoxicity requires 
dosage adjustments or discontinuance 
of the drug. 

In event of overdose or toxic reactions, 
pasean dialysis or hemodialysis will aid 
n removal of gentamicin from the blood. 

Serum concentrations should be 
monitored when feasible and prolonged 
concentrations above 12 mcg./ml. 
should be avoided. 

Concurrent use of other neurotoxic 
and/or nephrotoxic drugs, particularly 
streptomycin, neomycin, kanamycin, 
cephaloridine, viomycin, polymyxin B, and 
polymyxin E (colistin), should be avoided. 

The concurrent use of gentamicin 
with potent diuretics should be avoided, 
since certain diuretics by themselves 
may cause ototoxicity. In addition, when 
administered intravenously, diuretics 
may cause a rise in gentamicin serum 
level and potentiate neurotoxicity. 
USAGE IN PREGNANCY Safety for use 
in pregnancy has not been established. 


INDICATIONS GARAMYCIN Injectable is 
indicated, with due regard for relative toxicity 
of antibiotics, in the treatment of serious 
infections caused by susceptible strains of the 
following microorganisms 

Pseudomonas aeruginosa, Proteus species 
(indole-positive and indole-negative), 
Escherichia coli and Klebsiella-Enterobacter- 
Serratia species. 

Clinical studies have shown GARAMYCIN 
Injectable to be effective in septicemia and 
serious infections of the central nervous system 
(meningitis), urinary tract, respiratory tract, 
gastrointestinal tract, skin and soft tissue 
(including burns). 

Bacteriologic tests to determine the 
causative organisms and their susceptibility 
to gentamicin should be performed. 

Bacterial resistance to gentamicin develops 
slowly in stepwise fashion; there have been 
no one-step mutations to high resistance. 

In suspected or documented gram-negative 





Forsuspected sepsis when the infecting 
organism is unknown, gentamicin may be 
admimistered in conjunction with a penicillin- 
type drug. Following identification of the 
organ sm and its susceptibility, appropriate 
antibiotic therapy should then be continued. 
In the neonate with suspected sepsis or 
staphylococcal pneumonia, a penicillin-type 
drug 5 also usually indicated as concomitant 
therapy with gentamicin. 

GARAMYCIN Injectable has been shown 
to be affective in serious staphylococcal 
infectons. It may be considered in those 
infections when penicillins or other less 
potentially toxic drugs are contraindicated and 
bacterial susceptibility testing and clinical 
judgment indicate its use 
CONTRAINDICATIONS A history of hyper- 
sensmivity to gentamicin is a contraindication 
to its use 
WARNINGS See Warning Box. 
PRECAUTIONS Neuromuscular blockade and 
respiratory paralysis have been reported in 
the cat receiving high doses (40 mg./kg.) of 
gentamicin. The possibility of these phenom- 
ena cccurring in man should be considered 
if gentamicin is administered to patients 
receiving neuromuscular blocking agents, such 
as succinylcholine and tubocurarine. 

Treatment with gentamicin may result in 
overcrowth of nonsusceptible organisms. If 
this occurs, appropriate therapy is indicated. 
ADVERSE REACTIONS 
Nephrotoxicity: Adverse renal effects, as 
demonstrated by rising BUN, NPN, serum 
creatinine and oliguria, have been reported. 
They occur more frequently in patients with 
a history of renal impairment treated with larger 
than recommended dosage. 

Neurotoxicity: Adverse effects on both 
vestibular and auditory branches of the eighth 
nerve have been reported in patients on 

high dosage and/or prolonged therapy 
Symp'oms include dizziness, vertigo, tinnitus, 
roaring in the ears and hearing loss 

Numbness, skin tingling, muscle twitching, 
and convulsions have also been reported 
Note: The risk of toxic reactions is low in 
patients with normal renal function who do 
not receive GARAMYCIN Injectable at higher 
doses or for longer periods of time 
than recommended. 

Other reported adverse reactions, possibly 
related to gentamicin, include increased 
serum transaminase (SGOT, SGPT), increased 
serum bilirubin, transient hepatomegaly, 
decreased serum calcium; splenomegaly, 
anema, increased and decreased reticulocyte 
coun’s, granulocytopenia, thrombocytopenia, 
purpura: fever, rash, itching, urticaria, 
generalized burning, joint pain, laryngeal 
edema’ nausea, vomiting, headache, increased 
Salivation, lethargy and decreased appetite, 
weight loss, pulmonary fibrosis, hypotension 
and hypertension 
DOSAGE AND ADMINISTRATION 
GARAMYCIN Injectable may be given 


Gara 








intramuscularly or intravenously. 
For Intramuscular Administration: 
Patients with normal renal function® 

Adults: The recommended dosage for 
GARAMYCIN Injectable for patients with 
serious infections and normal renal function 
is 3 mg./kg./day, administered in three 
equal doses every 8 hours. 

For patients weighing over 60 kg. (132 Ibs.), 
the usual dosage is 80 mg. (2 ml.) three 
times daily. For patients weighing 60 kg. 

(132 Ib.) or less, the usual dosage is 60 mg 
(1.5 mi.) three times daily. 

In patients with life-threatening infections, 
dosages up to 5 mq./kg./day may be 
administered in three or four equal doses. This 
dosage should be reduced to 3 mg./kq./day 
as soon as Clinically indicated. 

*In children and intants, the newborn, and 
patients with impaired renal function, dosage 
must be adjusted in accordance with instruc- 
tions set forth in the Package Insert. 

For Intravenous Administration: 

The intravenous administration of 
GARAMYCIN Injectable is recommended in 
those circumstances when the intramuscular 
route is not feasible (e.g., patients in snock, 
with hematologic disorders, with severe burns, 
or with reduced muscle mass). 

For intravenous administration, in acults, a 
single dose of GARAMYCIN Injectable may 
be diluted in 100 or 200 ml. of sterile normal 
saline or ina sterile solution of dextrose 
5% in water: in infants and children, the 
volume of diluent should be less. The concen- 
tration of gentamicin in solution in both 
instances should normally not exceed 
1 mg./ml, (0.1%). The solution is infused over 
a period of 1 to 2 hours. 

The recommended dose for intravenous 
administration is identical to that recommender 
for intramuscular use, 

GARAMYCIN Injectable should not be 
physically premixed with other drugs, but 
should be administered separately in 
accordance with the recommended route of 
administration and dosage schedule. 

HOW SUPPLIED GARAMYCIN Injectable, 

40 mg. per ml., is supplied in 2 ml. (80 mq.) 4 
multiple-dose vials and in 1.5 ml. (60 mg.) and 
2 mi. (80 mg.) disposable syringes for paren- 
teral administration. 

Also available, GARAMYCIN Pediatric 
Injectable, 10 mg. per ml., supplied in 2 ml 
(20 mg.) multiple-dose vials for parenteral 
administration. 
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For more complete prescribing details, 
consult Package Insert or Physicians’ Desk 
Reference. Schering literature is also 
available from your Schering Representative 
or Professional Services Department, 
Schering Corporation, Kenilworth, 

New Jersey 07033. 








gentamicin 


gen injectable 
Sulfate 


40mg,./ml. 


Each mi. contains gentamicin sulfate 
equivalent to 40 mg. gentamicin 


sepsis, GARAMYCIN may be considered 

as initial therapy. The decision to continue 
therapy with this drug should be based on the 
results of susceptibility tests, the severity of 
the infection, and the important additional! 
concepts contained in the Warning Box 


*Due to susceptible organisms $is.0 
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Characterization of Elevated Fibrin Split 
Products Following Thermak-Anjury 


P. WILLIAM CURRERI, M.D.,* MARY E. WILTERDINK, B.S., M.T., (ASCP), CHARLES R. BAXTER, M.D. 


These studies establish that the staphylococcal clumping test is 
superior to the tanned red cell hemagglutination inhibition im- 
munoassay for monitoring fibrin split product concentration in 
burn sera. It is strongly suggested that the principal circulating 
degradation product is a complex of soluble fibrin monomer with 
fragment D. Finally, there does not appear to be any effect on 
measured fibrin split product concentration in sera of burn 
patients receiving prophylactic heparin or aspirin. 


LEVATED LEVELS of fibrin split products (FSP) have 
E been reported to occur frequently in both thermally 
injured patients and experimental burns. Both the 
staphylococcal clumping test (SCT) and the tanned red cell 
hemagglutination inhibition immunoassay (TRCHII) or 
Merskey method have been advocated for screening burn 
patients with suspected intravascular coagulation. The 
Merskey method has been utilized to detect the presence of 


X, Y, and D fragments in defibrinated plasma. It is only 


slightly reactive with fragment E. The staphylococcal 
clumping test is positive in the presence of X and Y 
fragments, as well as soluble fibrin monomer or polymer 
complexes with fragments Y and D. In this study these two 
assays were used to analyze the plasma fibrin split product 
concentration in burned patients during the first two post- 
burn weeks. 


Methods 


Blood samples for the tanned red cell hemagglutination 
inhibition immunoassay were collected in vacutainer tubes 


Submitted for publication June 11, 1974. 
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containing 3.8% sodium citrate (1:10 volume} and Trasylol - 

(25 Christensen units of antiplasmin/ml). Samples: were 
centrifuged, the plasma treated with thrombin, ‘and; the o 
products level of each serum sample were detestistied ac- 
cording to the method of Merskey et al.,* which depends o on 
the neutralization of antihuman fibrinogen antiserum by - 

fibrinogen or fibrin degradation products. Neutralized ari-"*. 


tiserum blocks the agglutination of tanned sheep red blood. *. 
cells coated with human fibrinogen. Thus, the titer of fibrin. w 
split products is the highest dilution of test serum which? 
clearly inhibits red cell agglutination by the antiseruint’ The’ 


use of known standards allows quantitation of fibrin split ` 
product concentration and normal values range from 2 to 5 ` 
ug/ml. 
The blood samples for the staphylococcal clumpitig test 
were drawn into tubes containing soybean trypsin inhibitor, ) 
(0.5 mg antiplasmin/ml blood) and thrombin (100. units / mils: 


blood). The tubes were mixed well and incubated át 37- C ; 
until clot retraction was evident, approximately two hours.” 


Serum was then obtained by centrifugation and samples 
frozen for future testing. The test was performed. 'on 
microtiter plates as described by Leavelle and associates.” 
The presence of a clumping factor (bound coagulase) on the 
cell walls of certain strains of Staphylococcus aureus 
produces visible clumping of the bacteria in the presence of 
fibrinogen, some early high molecular weight breakdown 
products, and soluble fibrin monomer complexes. Si- 
multaneous determinations of known standards prepared 
from normal plasma allow the quantitation of the fibrin split 
product concentration. The mean value obtained from an 
uninjured control population was 2.7 + 2.1ug/ml. 

A prospective patient study was subsequently instituted 
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to test the effectiveness of prophylactic systemic an- 
ticoagulation in preventing abnormal elevations of fibrin 
split product concentration in the immediate post burn 
period. Thirty-one patients with greater than 30% total 
body surface burns, who had no gross contraindications for 
systemic anticoagulation, were randomly assigned to one of 
three patient groups. One group was administered Heparin, 
5,000 units (subcutaneously) every six hours during the first 
two post-burn weeks. A second group received aspirin, 10 
grains per rectum, during the same time period. A control 
group of patients received neither heparin nor aspirin. 
Blood samples for the staphylococcal clumping test were 
drawn at least once every three days and the results grouped 
arbitrarily into three day periods. 


Results 


Serum from 55 burned patients was simultaneously 
assayed serially during the first two post-burn weeks for 
fibrin split products by both the tanned red cell 
hemagglutination inhibition immunoassay and the 
staphylococcal clumping test. Values obtained by the 
Merskey method were normal on all occasions in 23% of 
patients (mean = 2.90ug/ml), minimally elevated in 49% 
(mean = 7.20ug/ml) and significantly increased in 27% 
(mean = 16.33ug/ml) (Table 1). Fibrin split product con- 
centration measured by the staphylococcal clumping test 
were increased above normal in all patients at some period 
during the first two post-burn weeks. Only 7% had minimal 
elevation (mean = 6.77 + 0.07ug/ ml), and 93% had at least 
four times maximum normal concentration (mean = 41.33 
+ 47yg/ml). Fibrin split products observed by the 
staphylococcal clumping test were consistently elevated 
between the fourth and eighth post-burn day, and although 
the levels of fibrin split products were somewhat more 
variable after this time, the concentration remained greater 
than accepted normal concentration throughout the study 
period (Fig. 1). 

No significant differences in fibrin split product cancen- 
tration were noted in the patients who received prophylac- 
tic heparin or aspirin when compared to those patients 
receiving no anticoagulant therapy (Fig. 2). Serum from all 
three groups contained markedly elevated levels of fibrin 


Fibrin Split Product Concentration in Sera from Burn Patients 
as Measured by the TRCHII and SCT Methods 


Tance | 


Number Per Cent 


Range of of Mean 
ug/ml Patients Total +SE 
TRCHII <3.6 13 23 29 +038 
(Normal = 3.6-7.2 27 49 72240 
2-5 ug/ml) 7.2 15 27 16.3 +1.31 
SCT 0-3.4 0 0 
(Normal = 3.4-6.7 4 7 6.7 + 0.07 
(27 +21 pg 
ml) >67 51 93 41534474 
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Fic 1 Fibrin split product concentration in sera from burn patient 
measured by the staphylococcal clumping test during the first two post 
burn weeks 


split products as measured by the staphylococcal clumpin; 
test 
Discussion 

Interpretation of these results required knowledge of th 
normal degradation pathway of fibrinogen and fibrin b 
plasmin. In addition, the specificity of both the tanned rec 
cell hemagglutination inhibition immunoassay and thi 
staphylococcal clumping test in detecting each degradatioi 
product must be appreciated. 

The scheme of the degradation of fibrinogen and fibrin b) 
plasmin is shown in Fig. 3. The initial digestion results it 
the conversion of fibrinogen (MW 340,000) to Fragment ) 
(MW 270,000) plus small polypeptide fragments. X un 
dergoes further proteolysis and is degraded to Fragment } 
(MW 165,000) and Fragment D (MW 85,000). Y is spli 
further, vielding Fragments D and E (MW 55,000) whicl 
are immune to further digestion by plasmin. The net resul 
of the degradation of one mole of fibrinogen by plasmin is : 
moles of D and an E fragment. During this proteolysis 
fragments X, Y, and D also may complex with fibrii 
monomers, resulting in non-clottable soluble fibri 
monomer complexes (SFMC). 

Trasylol and soybean trypsin inhibitor are added to th 
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Fic. 2 Comparison of fibrin 
split product concentration 
in sera from burn patients 
receiving various prophylac- 
tic anticoagulant regimens 


FSP-SCT (pg/ml) 
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samples to inhibit in vitro the fibrinolytic activity of 
plasmin. The addition of thrombin in both tests, as well as 
the two hour incubation period in the staphylococcal clump- 
ing test, are necessary to insure the complete conversion of 
fibrinogen to fibrin, and its removal in the clot. Conse- 
quently, the test serum will contain only non-clottable fibrin 
or fibrinogen split products, plus soluble fibrin monomer com- 
plexes that were present in the patient's blood at the time of 
phlebotomy 

The extensive studies of Marder and associates? have 
elucidated the reactivity and sensitivity of the tanned red 
cell hemagglutination inhibition immunoassay and the 


FIBRINOGEN 
MW - 340,000 
FRAGMENT X 4 SMALL POLYPEPTIDE 
M.W.- 270,000 FRAGMENTS 
FORM COMPLEXES FRAGMENT Y * FRAGMENT D 
WITH SOLUBLE FIBRIN M.W. - 165,000 M.W.- 85,000 
MONOMER —= SFMC 
FRAGMENT D 4 FRAGMENT E 
M.W.- 85,000 M.W.- 55,000 


Fic. 3 In vitro plasmin digestion of fibrinogen and fibrin 
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staphylococcal clumping test with plasmin digests of puri- 
fed human fibrinogen, fibrin, purified degradation prod- 
ucts, and with serum obtained from patients suspected of 
having circulating degradation products. These investiga- 
tors have shown that the Merskey method is strongly 
reactive with undigested fibrinogen, fragments X, Y, and D, 
and slightly reactive with E. The staphylococcal clumping 
test is less sensitive than the tanned red cell hemagglutina- 
tion inhibition immunoassay and its reactivity progressively 
decreases with each stage of fibrinogen digestion; it does 
not react at all with fragments D and E. In fact, the 
staphylococcal clumping test detects only fibrinogen, X, Y, 
and soluble fibrin monomer complexes 

Therefore, the serum isolated from burned patients in 
this study can be qualitatively analyzed by examination of 
the possible fibrin degradation products which might still be 
present following thrombin precipitation and would also be 
detectable by either or both assays for fibrin split products 
Elevated values of fibrin split products by the Merskey test 
would be detected only in the presence of increased levels 
of fragments Y, D, or E. On the other hand, increased fibrin 
split product levels by the staphylococcal clumping test 
should only be seen with elevated concentrations of frag- 
ment Y or soluble fibrin monomer complexes with 
fragments X, Y, or D 

Previous studies’ in our laboratory have shown that all 
fibrin split products detected by the staphylococcal clump- 
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ing test disappear with the addition of protamine sulfate. 
Protamine sulfate is very effective in disassociating soluble 
fibrin monomer complexes and removing the monomer by 
gelation or paracoagulation.® Since the staphylococcal 
clumping test will detect both free X and free Y fragments 
following disassociation by protamine sulfate, complexes of 
these fragments with soluble fibrin monomer are unlikely. 
Therefore, most of the measured fibrin split preducts in 
burn sera must be composed of fragment D and complexes 
of fragment D with soluble fibrin monomer. Verification of 
these analyses ‘by purification of fibrin split produets utiliz- 
ing column chromatography and gel electrophoresis is 
currently being pursued in our laboratory. 

It appears that complexes between fragment D and solu- 
ble fibrin monomer are more commonly present in burn 
sera, since the staphylococcal clumping test was so much 
more sensitive in this series of patients. This finding is at 
variance with the observations of Marder and his associates’ 
in sera obtained from unburned patients suspected of in- 
travascular coagulation. They not only noted a slightly 
greater sensitivity of the Merskey method in detecting fibrin 
split products in their patient population, but also observed 
a decrease in fibrin split product concentration coincident 
with heparin anticoagulation. 

Failure to alter fibrin split product concentration in 
randomly assigned burned patient populations receiving 
heparin therapy was somewhat surprising. It is, of course, 
possible that inadequate anticoagulation was achieved al- 
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though most patients exhibited simultaneous prolongation 
of their partial thromboplastin time. More likely, the 
elevated fibrin split product elevation seen in the post-burn 
period is not secondary to abnormal intravascular coagula- 
tion but rather secondary to coagulation in the extracellular 
edema fluid. Such extravascular plasmin activity would re- 
spond to heparin more slowly and might require extremely 
high doses, which may be clinically unacceptable. The 
unique predominance of soluble fibrin monomer complexes 
in the burned patient may also be related to the unusual 
extravascular site of fibrinogen and fibrin degradation. 
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Coagulation Dynamics Following Thermal Injury: 


Effect of Heparin and Protamine Sulfate 


P. WILLIAM CURRERI, M.D.,* MARY E. WILTERDINK, B.S., M.T., (ASCP), CHARLES R.. BAXTER, M.D. 


A burned rat model was developed to examine post-burn altera- 
tions in coagulation. Fibrin split product concentration, as mea- 
sured by the staphylococeal clumping test, was noted to rise 
significantly within the first 24 hours following injury. 
Prophylactic in vivo systemic anticoagulation with heparin was 
ineffective in modifying this response. However, systemic ad- 
ministration of protamine sulfate prevented post-burn elevation 
of fibrin split products. In vitro fibrin split product concentration 
in burn sera following the addition of heparin and protamine 
sulfate, was also analyzed. The results of these experiments 
elucidated the biochemical effects of protamine sulfate on cir- 
culating fibrin degradation products in the rat burn model. 


ReEVIoLS REPORTS by both Baxter? and McManus? 

have noted the presence of an increased concentration of 
fibrin split products in plasma of seriously burned patients 
during the first post-burn week. Presumably such increases 
in fibrin split product concentration result from activation of 
plasmin in response to significant intravascular or ex- 
travascular coagulation. 

In this study, a rat burn model was utilized to describe 
alterations in the coagulation mechanism with time. Since 
the animals all received standardized scald burns. carefully 
controlled post-burn therapy with systemically ad- 
ministered anticoagulants could be evaluated. 


Methods 


One-hundred five, 200 gm male Sprague-Dawley rats 
were subjected to scalding water at 98 C for 10 seconds to 
effect either a 30% or 50% full-thickness burn utilizing the 
method of Walker and his associates. All animals were 
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resuscitated with two 10 ml intraperitoneal injections of lac- 
tated Ringer's solution; one dose delivered immediately 
post-burn and a second given one hour later. Blood samples 
were obtained by cannulation of the abdominal aorta. After 
separation of either plasma or serum, samples were frozen 
for later laboratory analysis. 

Fibrinogen determinations were performed according to 
the method of Ratnoff.™ Platelet counts were performed on 
a Coulter Counter. Prothrombin time, partial throm- 
boplastin time, and thrombin times were obtained by stan- 
dard laboratory techniques. The staphylococcal clumping 
test as modified by Leavelle” was utilized to assay fibrin split 
product concentration. 

Serum samples from 105 burned rats and 55 burned 
patients were subjected to quantitative analysis for fibrin 
split product concentration. Additional thrombin (100 
units/ml serum) was then added to remove any remaining 
fibrinogen or large molecular weight X fragments and the 
fibrin split product assay repeated. The supernatant was 
then treated with protamine sulfate (10 mg/ml serum) and 
incubated for 20 minutes at 4 C to disassociate soluble 
fibrin monomer complexes. The fibrin monomers then un- 
dergo gelation or paracoagulation allowing their removal by 
centrifugation. The supernatant now containing only Y, D, 
or E fragments was again assayed by the staphylococcal 
clumping test. 

A 30% burned rat model was utilized to evaluate the 
effect of systemic heparin or protamine sulfate on the post- 
burn appearance of elevated fibrin split product levels. 
Therapeutic doses of heparin (10 units/100 gm body 
weight) or protamine (0.1 mg/100 gm body weight) were 
injected subcutaneously immediately prior to burning and 
then every four hours until sacrifice at 24 hours. Separate 
ups A yinburned rats and burned rats received sub- 
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cutaneous injections of 0.2 ml physiological saline at the 
same time intervals and served as controls. 


Results 


Alterations in coagulation parameters with time in the rat 
burn model are summarized in Fig. 1. Fibrinogen concen- 
tration increased from 194 + 22.3 mg% in the unburned rat 
` toa peak of 691 + 13.7 mg% two days post-burn (p < 001). 
Fibrin split products increased from 2.7 + 0.59 ug/ml to 
13.0 + 2.65 ug/ml at day one post-burn (p < OL). No 
significant prolongation of thrombin time, partial throm- 
boplastin time, or prothrombin time was observed. In tact, a 
state of hypercoagulability was suggested. Platelet concen- 
tration was normal during the early post-burn period. 

In vitro addition of thrombin to burned rat or human 
serum did not result in any further clotting, and did not 
reduce the measured concentration of fibrin split products. 
However, the addition of protamine sulfate resulted in the 
loss of all fibrin split products measured by the staphylococ- 
cal clumping test, suggesting the presence of complexes 
between D fragments and soluble fibrin (Table 1). 

In vivo protamine sulfate therapy pre- and post-burn was 
instituted to determine if the subsequent elevation of cir- 
culating fibrin split products at 24 hours could be 
prevented. In the 30% rat model, burned rats receiving 
systemic protamine sulfate had normal fibrin split product 
levels at 24 hours post-burn in contrast to rats receiving 
physiologic saline solution or heparin, which exhibited 
elevated serum concentrations of fibrin split products as 
measured by the staphylococcal clumping test (Table 2). 
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Discussion 


In this study we were able to utilize a highly reproducible 
animal burn model for evaluation of alterations in the 
coagulability of blood following controlled burn injury. 
Alterations in clotting factors with time were strikingly 
similar to those observed in the burned patient as previously 
reported by Curreri? and Baxter.’ 

To our knowledge, characterization of the fibrin split 
products, measured by the staphylococcal clumping assay in 
burned patients, has not previously been attempted. The 
staphylococcal clumping assay is known to detect 
fibrinogen, X and Y fragments, and complexes of X, Y, and 
D fragments with soluble fibrin monomers.’ The results of 
this study strongly suggest that the major fibrin split 
product measured by the staphylococcal clumping test in 
both burned animals and burned patients during the early 
post-burn period is a complex between D fragments and 
soluble fibrin monomer. When excess thrombin is added to 
serum, all remaining fibrinogen and X fragments are re- 
moved. Precipitates during this step were not observed and 
no decrease in fibrin split product levels was observed in the 
supernatant. Thus X fragments cannot account for any sub- 
stantial portion of the measured fibrin split products. 
Niewiarowski? has shown that protamine sulfate dis- 
associates soluble fibrin monomer complexes, releasing free 
fibrinogen degradation fragments and precipitating 
polymerized soluble fibrin monomer. In this experiment the 
addition of protamine sulfate was associated with the dis- 
appearance of fibrin split products as measured by the 
staphylococeal clumping test. A complex of soluble fibrin 
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Effect of Thrombin and Protamine Sulfate on In Vitro 
Fibrin Split Products 


Tansee | 


+ Protamine 


Serum + Thrombin Sulfate 
Human 217 42.43 20.84 + 2.30 0 
Rat 945 +2.10 1005 + 1.63 0 


monomer with Y fragments would yield free Y fragments in 
the presence of protamine sulfate. Since Y fragments will be 
detected by the staphylococcal clumping test, one must 
conclude that the soluble fibrin monomer complexes in the 
burned patient or animal are primarily D fragment com- 
plexes. 

Further corroboration of these conclusions was noted in 
the in vivo studies where it was found that protamine sul- 
fate administration prevented the elevation of fibrin split 
products in serum from burned animals. Since heparin had 
no effect on post-burn fibrin split product levels, the obser- 
vation in animals receiving protamine sulfate was not sim- 
ply due to the anticoagulant properties of the drug In fact, 
since heparin anticoagulation prior to burning failed to pre- 
vent the rise in fibrin split products, it appeared that the 
source of the fibrin split products is more likely to be ex- 
travascular rather than intravascular. 

The toxicology of purified fibrin split products has not yet 
been elucidated. The appearance of elevated post-burn 
levels of fibrin split products, as measured by the 
staphylococcal climping test, can be circumvented by 
systemic administration of protamine sulfate. However, in 
all likelihood the net effect of protamine sulfate is to sub- 
stitute circulating free, low molecular weight D fragments 
for D fragment-soluble fibrin monomer complexes of high 
molecular weight. Whether this offers any pharmacologic 
or toxicologic advantage remains unknown. Clinical and 
autopsy examination revealed no significant differences at 
24 hours post-burn in rats whether treated with systemic 
saline, heparin or protamine sulfate. 

The administration of systemic heparin anticoagulation 
in the treatment of burns has been independently ad- 
vocated recently by Saliba,'* “ Johansson,®* Arturson,' and 
Elrod.* Improved survival, preservation of platelet and 
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fibrinogen concentrations, diminished pain, decreased 
edema, reduction in resuscitative fluid requirements, and 
more rapid wound healing have all been associated with 
systemic anti-coagulation of the burned animal or patient 
with heparin. Many of these therapeutic claims have been 
concluded from data derived from uncontrolled experimen- 
tal protocols. We were unable to show any effect on fibrin 
split product concentration in animals treated with heparin 
prior to and following burn injury in this study. Thus, the 
beneficial effect of heparin, if any, in the treatment of 
burned patients would appear more likely to be associated 
with pharmacologic actions of the drug other than anti- 
coagulation. Since complications associated with anti- 
coagulation in the burned patient may be formidable as 
well as life-threatening, we would not advocate its prophy- 
lactic use at the present time. 
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Villous Tumors of the Duodenum 


Villous tumors of the duodenum are rare, but treatment may be 
problematic because of their association with invasive adenocar- 
cinoma. Two cases of villous tumor of the duodenum are 
described and 39 other reported cases are reviewed. Presenting 
symptoms were bleeding 27%: obstruction 24%; jaundice 22% 
and vague dyspepsia 20%. Diagnosis may be made by 
radiographic barium contrast evaluation of the duodenum, es- 
pecially with the addition of air contrast hypotonic studies and 
by fibro-optic endoscopy. Twenty-seven per cent of villous 
tumors of the duodenum are associated with adenocarcimoma, 
Invasive tumor is more common in patients over 50 years old 
(35%). in tumors of the third and fourth portions ef the 
duodenum (44%) and in tumors over 4 cm in diameter (30% ). 
Local excision is the treatment of choice for benign lesions. 
Pancreatico-duodenectomy is recommended for tumors which 
include invasive carcinoma in patients without distal metastases, 


tuoton fewer than 200 cases of epithelial 

tumors of the duodenum have been reported, recent 
advances in radiographic and endoscopie diagnostic 
techniques have led to the earlier and more frequent 
recognition of these lesions (Fig. 1). They include henign 
adenomatous polyp, Brunner's gland adenoma, villous 
tumor, and frank invasive adenocarcinoma. Benign tumors 
are adequately treated by local excision. Pancreatico- 
duodenectomy is usually recommended for invasive 
adenocarcinoma. Most villous tumors are benign, but since 
areas of frank invasion are frequently observed, the ap- 
propriate choice of treatment may be difficult. The present 
report reviews 39 cases of villous tumor of the duodenum 
described in the world literature and describes two new 
cases, with special emphasis on the choice of surgical treat- 
ment. 


Case Reports 


Case |: J F, a 52-year-old white woman, was admitted to New York 
University Hospital on January 7. 1973. She complained of vague ds'spep- 
sia for a six-vear period and of increasing eructation during the five months 
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prior to admission. There had been no melena, hernatemesis, vomiting or 
Radiographic barium contrast evaluation of the 
duodenum prior to admission had revealed a smooth filling defect in the 
second portion of the duodenum Physical examination was normal 
Laboratory data was: hematoerit 36%, white blood cell count 5,900/cu 
mm, total serum bilirubin 03 mg and alkaline phosphatase 75 mU, ml 
(normal 30-100) 

Celiac angiography performed on January 8, 1973, showed medial dis- 
placement of the gastroduodenal artery, with a few irregular vessels noted 
arising from the retroduodenal portion of that artery. Hypotonic air con- 
trast barium study of the duodenum on January 9. 1973. showed a smooth 
muss in the second portion of the duodenum adjacent to the ampulla of 
Vater Surgical exploration on January 11, 1973 revealed a sessile polypoid 
tumor, which was generally soft but had several firm areas. Frozen section 
examination showed villous adenoma with possible invasion. Pancreatico- 
duodenectomy was performed The postoperative course was uneventful 


abdominal pain 


and the patient was discharged home on January 25, 1973. She has remained 
well during her one-vear followup 


Pathological examination of the operative specimen showed a 4 X 0.7 x 
4 cm sessile villous adenoma. The tumor was on the medial wall of the 
duodenum, 7 em from the pylorus, but did not involve the ampulla of 
Vater There was no evidence of carcinoma on the final sections (Fig. 2) 

Case 2: DG., a 69-year-old white woman, was admitted to New York 
University Hospital on September 5, 1973. For five vears she had ex- 
perienced epigastric distress, which had been attributed to a hiatal hernia 
Barium contrast radiographic evaluation of the upper gastrointestinal tract 
two vears prior to admission demonstrated a large hiatal hernia and a 
peduneulated lesion of the first portion of the duodenum. A repeat study, 
three months prior to admission, showed an increase in the size of the 
duodenal lesion. There were no other gastrointestinal symptoms 

Physical examination was normal Laboratory data included: hematocrit 
37%. white blood cell count 4.500 cu mm, total serum bilirubin 06 mg“ 
and alkaline phosphatase 46 mU, ml (normal 30-100) 

Laparotomy on September 3, 1973 revealed a 3 cm pedunculated polyp 
in the first portion of the duodenum and a 15 X 6 em hiatus hernia sac. The 
hiatus hernia was repaired and an anterior duodenotomy was then made 
The duodenal polyp had a stalk 2 cm in length. The base of the stalk was 
divided and oversewn and the duodenotomy was closed. The post- 
operative course was smooth and the patient was discharged on September 
21. 1973 

Pathological examination of the specimen showed a mixed epithelial 
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polyp 3 X 2 * 1.5 em in size, with villous and adenomatous elements. The 


stalk was free of villous elements. No carcinoma was noted (Fig. 3) 
Discussion 


Neoplastic growth in the small intestine is relatively in- 
frequent. Its incidence is one-tenth that of similar lesions of 
the colon. ™®™* Furthermore, lesions of the small intestine are 
frequently benign” and asymptomatic, and may therefore 
be recognized only as incidental findings at autopsy.“ 
Although the duodenum comprises 8% of the small bowel 
bv length, it harbors 10-22% of small intestinal tumors.*"*. 

Forty-eight per cent of all duodenal tumors are 
benign 35:10:12. 15.19.21.24.25,28,39.45.47 They include adenomas 
(45%). lipomas (18%), myomas (16%), fibromas (10% ), 
angiomas (4% ), neurogenic lesions (3% ) and less common 
lesions including poly poses, teratomas and villous tumors.*’ 

The remaining 52% of duodenal tumors are malignant. 
They include adenocarcinomas (87%) and sarcomas 
(13% ) * Carcinoid tumors and lymphomas are also found in 
the i num.” Approximately 45% of all small bowel car- 
cinomas occur in the duodenum.” 

One per cent of duodenal tumors are villous in nature 
The villous tumor is an epithelial lesion” arising from or 
migrating on the surface of the mucus membrane. The 
term “villous” tumor arises from the fact that these lesions 
have a velvety texture with finger-like projections resem- 
bling villi. It has also been called papilloma, papillomatous 
polyp, papillary tumor, papillary adenoma, papillary 
polyposis. villous papilloma and villous adenoma.“ On 


Fic 2 Photomicrograph of 
tumor from Case One 
(Hematoxvlin and Eosin x 
100 original magnification) 


VILLOUS TUMORS OF THE DUODENUM 





Fie 1. Number of cases of duodenal villous tumor reported in each decade 
since 1920. The cross-hatched areas represent villous tumors with invasive 
carcinoma 


microscopic examination it has frond-like projections of 
mucosa with branching papillary structure” (Figs. 2 and 3) 

Villous tumors are seen most frequently in the colon 
where they comprise 5-28% of all benign tumors." Up 
to 88% of colonic villous tumors are in the distal sigmoid 
and rectum.™ The reported incidence of invasive adenocar- 
cinoma in villous tumors of the colon and 
30%?" with a range of 5% to 55%." Because of the fre- 
quent malignant associations of villous tumors, total exci- 
sion biopsy is usually recommended ?* 


rectum is 


In the rectum, as in the duodenum, complete excision of 
the involved bowel results in major morbidity and assess- 
ment of the presence or absence of invasive carcinoma in 
villous tumors assumes increased importance 

A total of 82 villous tumors of the stomach have been 
reported.®* Gastric polyps are found in 0.2% of autopsies" 
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and 2% of gastric polyps are villous tumors.” Sixty per cent 
of reported gastric villous tumors showed areas of adenocar- 
cinoma.”* 

Three villous tumors of the ileum have been reported and 
all were benign.® There are eight reported cases in the 
jejunum.” three of which had invasive changes. 

The present paper adds two cases of villous tumor of 
the duodenum to the 39 cases previously re- 
ported 1.5.7,9.11.19,14,18 21.25.29 34,37,38,40,42,44 46,48,50,51,59 Of these 
41 cases, 11 or 27% showed evidence of invasive 
changes 11425.32 340.44.48.51 This incidence compares closely 
with the percentage of invasive adenocarcinoma reported in 
the colon. 
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Fu. 4. Patient age in reported cases of villous tumor of the duodenum The 
cross-hatched areas represent tumors with invasive carcinoma 
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Case Two 


Villous Tumors of the Duodenum 


Of the 41 cases reviewed, 24 (56%) were women and 17 
(44% ) men. The age range was 25-76 years (mean 57 years) 
Eightv per cent of patients were 50 years or older (Fig. 4) 

The duration of presenting symptoms varied from four 
weeks’? to sixteen years.” These included: 1) gas- 
trointestinal bleeding of variable degree manifested by 
anemia, melena or hematemesis. This was present in eleven 
cases, three of which had major upper gastrointestinal 
bleeding. 2) Obstructive symptoms, including fre- 
quent eructation or vomiting, were present in ten cases. 3) 
Obstructive jaundice was present in nine cases. 4) Vague 
dyspepsia was the presenting symptom in eight cases. 5) 
The lesion was an incidental finding on x-ray in two 
cases?™’? and at autopsy in one case (21), Of note is that six 
patients had undergone previous surgical exploration for 
these symptoms before the diagnosis 
tablished. maass 

Radiographic barium contrast evaluation of the upper GI 
tract was performed in 30 cases. These x-rays revealed the 
lesion in all but two cases.™” Radiographically, the lesion 
appears as a filling defect with barium coating the in- 
terstices and appearing as a fine network in a palisaded or 
striated appearance.“ 

Endoscopy was performed in two cases.*°** Both of these 
lesions were in the first portion of the duodenum. In one 
case the lesion was red, strawberry-like and polypoid.” In 
the other case it was said to have the appearance of a colonic 
villous adenoma.” 
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PORTION OF DUODENUM 


Fu. 5 Location of reported villous tumors of the duodenum. The cross- 
hatched areas represent tumors with invasive carcinoma 


Hypotonie duodenography may be useful and is the best 
method for obtaining air-contrast coating of a lesion.® It 
proved useful in Case 1 of our report. It should be men- 
tioned that angiography in our Case | actually proved to be 
misleading. 

Most villous lesions were in the proximal duodenum. 
There were 14 lesions in the first portion, 12 in the second, 
seven in the third and two in the fourth. There were also 
two lesions of the ampulla (Fig. 5). Of the two lesions in the 
fourth portion, one was an adenocarcinoma,” and of the 
seven in the third portion, three showed invasive 
changes. ™*®™* The distal duodenum thus contained only 
24% of reported lesions, but 44% of these showed invasive 
changes. There were four invasive lesions in the first por- 
tion®****"! and three invasive lesions in the second portion 
(25% ) (Fig. 5). These figures may be the result of the less 
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frequent early detection of benign lesions in the less accessi- 
ble distal area of the duodenum. 

No malignancies were noted in patients under 50 years 
old. The incidence of invasive changes rises with age (Fig. 
4). This contrasts with villous tumors occurring in the colon 
and rectum. Here, carcinoma has been reported at the age 
of 30 vears’’ and the average age for invasive change in 
villous tumors is 55* 

There was no clear relationship between symptoms and 
invasive carcinoma. Five of nine patients who were jaun- 
diced did not have invasive tumors. 

The size of the lesion was reported in 23 of the 41 cases 
This ranged from 4 mm ** to 8.5 cm."* No lesions under 4 
cm in size showed evidence of invasion, Of the remaining 
17 lesions, five showed invasion (29% ) (Fig. 6). In colorectal 
lesions, it also appears that the larger the lesion, the higher 
the incidence of malignancy.*“* However, 7-24% of villous 
tumors of the colon and rectum under 2 cm in size are 
reported to show invasive changes. 

Although rare, villous tumors of the duodenum are being 
diagnosed more frequently as a result of improved 
diagnostic techniques (Fig. 1). These tumors may give rise 
to bleeding, obstructive symptoms or jaundice. 
Duodenotomy and polypectomy are adequate surgical 
treatment for benigh villous tumors. However, more radical 
excision may be indicated in the presence of invasive car- 
cinoma, As a result of the development of fibro-optic en- 
doscopy, histological evaluation of the surface of the lesion 
may be available. The possibility of invasive adenocar- 
cinoma deep within the tumor must, however, always be 
considered. Although the gross characteristics of the tumor 
upon inspection and palpation are clearly of primary impor- 
tance, this review of reported experience indicates that the 
incidence of invasive carcinoma is especially high in villous 
tumors of the distal duodenum, in those in patients over 50 
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yeass of age and in tumors exceeding 4 cm in diameter, 
Furthermore, these findings suggest that improved 
diagnostic techniques, and the removal of these lesions from 
patients who are younger and whose lesions are smaller, 
may reduce the incidence of invasive carcinoma. 
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Experimental and Clinical Application of 


The object of these studies was the development of a technique 
whereby a vessel of 1 mm or smaller could be easily anasto- 
mosed. In total replantation of rabbit ears, only 3 ears survived 
replantation in SO attempts in the first series. In the second series 
of 80, 35 ears survived completely. 3 ears partially survived and 
8 additional ears survived the postoperative period, but the rab- 
bits died within 2 weeks due to diarrhea. Thirty-five ears failed 
and venous obstruction was the primary cause. Free transplanta- 
tion of a great toe and a second toe to recreate a thumb is also 
described. The operative procedure of the great toe to thumb 
transplantation does not appear to be difficult. Six months after 
operation, the function of the newly created thumb was good, 
The second toe to thumb transfer was more difficult technically 
compared to the great toe to thumb transfer due to the much 
smaller size of the digital vessels of the second toe. However. 
removal of the second toe causes less disadvantage than the 
removal of the great toe. Nine months postoperatively, the func- 
tion of the newly created thumb was satisfactory. Digital replan- 
tation is described with 36 cases with 65 complete finger 
amputations. Thirty-two with 45 fingers survived the reattach- 
ment. Repair of one artery per digit is sufficient, although two 
probably are better. A minimum of 2 veins per digit must be 
repaired, Prompt re-exploration is imperative if postoperative 
circulatory impairment occurs. In this group, arterial obstrue- 
tion was more frequent than venous obstruction as the cause of 
replantation failure. The function of the replanted fingers is 
satisfactory in the majority of the cases. 


INCE MICHOStRGERY was pioneered by Jacobson and 


Suarez’? in 1960, the work has been extended by others 
and the technique of microvascular replantation has been 
firmly established.'* Total ear replantation of a rabbit 
utilizing microminiature vascular anastomosis was per- 
formed by Buncke and Schultz? in 1965. Experimental 
digital implantation and transfer of a free joint and com- 
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posite tissue have been achieved by Buneke and 
associates.’ * Successful replantation of amputated arm" or 
digits,’*'* is.is reconstruction of a thumb by autotransplan- 
tation of the hallux,” free muscle transplanted with 
neurovascular anastomosis has been reported.” 

In 1969, the author experimented with animals to 
develop the technique of microvascular surgery, and since 
1971. replantation has been performed successfully in man 
The results are described in this paper 


Replantation of the Rabbit Ears 


The object of this experiment was to develop a technique 
whereby a vessel of one millimeter or smaller could be easily 
anastomosed. The central ear vessels of a rabbit weighing 
2-25 kg fell within this critical range 


Technique 


The rabbits were anesthesized with intramuscular or sub- 
cutaneous injections of Ketalar, 20 mg and 5 cc of 2% 
procaine was given locally. The central artery, vein and 
other subcutaneous veins were dissected free. After removal 
of the ear, it was immediately reimplanted by overlapping 
the cartilage 1 cm in length; the vessel anastomosis was 
carried out in 1-3 hours at room temperature. Total 
ischemic time ranged 3-5 hours. 

The severed ends of the vein were approximated by dou- 
ble clamps and the blood and fibrin clots in the segment 
between the clamps were washed out with heparinized 
saline solution. The adventitia was detached completely for 
about 3 mm. in length and cut with scissors (Fig. 1). The 
vessel ends were approximated and microminiature repair 
was carried out under 16-25 magnification. Interrupted 
suture 8-10 stitches were performed on the anterior wall 


169 


170 


Ann. Surg « February 1975 





Fi | 


The adventitia was stripped by the two forceps 


from right to left (Fig. 2) using only one stay suture and the 
posterior wall was left completely free of suture. The clamps 
were then rotated and the posterior wall suturing was per- 
formed with 10(0) microfilament. After the anastomosis of 
two veins, arterial suture was performed in a similarmanner 


(full laver suture). Angiographic studies two months after 


ear replantation are shown in Fig 3 





Fe. 2 The vein was approximated by the double clamps and the anterior 


wall Was sutured 


No systemic anticoagulation was given but the rabbit 
received 50,000 units of penicillin intramuscularly per day 
for three days and was observed for at least two weeks 


Results 


In the first series of 80 experiments, only three ears com- 
pletely survived the transplantation. In the second series of 
80 experiments, 35 ears completely survived and three ears 
partially survived. An additional eight ears survived the 
transplantation but the animals died of diarrhea within two 


weeks. Venous obstruction was the common cause of 


failure 


Ii > Angiogram two 


months atter replantation 


artery and vein 





Fe. 4 Right thumb. amputating through the M-P joint 


Discussion 


The poor result of the earlier experiment was due to the 
unfamiliarities of the microsurgical technique and improper 
In the later experiment, utilizing the 


suture material 


~~ 


technique as described, 35 ears survived completely in 80 
attempts. Systemic heparinization was not given in these ex- 
periments. Since venous obstruction was the most common 
cause of failure, systemic heparinization or administration 
of low molecular weight dextran might have improved the 
results. The cardinal method of vessel anastomosis is to 
make the two stay sutures 120 degrees apart for the 
microsurgery, so that when the two stay sutures are tensed, 
the posterior vessel wall will lag behind the needle and will 
not catch it. In venous repair, the posterior w all was caught 
when the needle was passed through the anterior wall; 
therefore, one stay suture at the right hand side of the vessel 
margin was used. After applying the stay suture, the second 
suture was inserted by grasping the left hand side of the 
vessel wall. The artery became very fragile after dissection 
of the adventitial laver; therefore, adjustable double clamps 
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were essential to keep the vessel ends approximated to 
release the tension on the anastomotic line 
Free Transplantation of a Great Toe and 
Second Toe to Recreate a Thumb 
Case Report 


A 20-vear-old male was admitted to Ho-ping Municipal Hospital on 
February 4. 1975 
right thumb, amputating through the M-P joint (Fig 4 


Three months prior to admission, he had injured his 


Atter careful con 
sideration. it was recommended that free transfer of his right great toe to 
thumb be performed 

On February 16. 1973. under general anesthesia, a tourniquet was 
applic d to the right leg and the right great toe was i xplored at the distal 


metatarsal level. Two extensor tendons and one Hexor tendon were dis 





He has good 


Fi 3 Six months postoperatively 


opposition 
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sected at the proximal portion about 10 cm in length; the fibular digital 
artery was isolated but the tibial digital artery was absent. The great toe 
was amputated at the proximal portion of the M-P joint and the wound was 
closed) The stump of the right thumb was explored; the digital vessels ond 
the digital nerves were absent at the distal metacarpal level. The bone was 
shortened by about | em and the bony part of the metatarsal was attached 
to the metacarpal by wire fixation. The extensor tendon was sutured to the 
extensor pollicis longns and brevis. and the flexor tendon was suturedite the 
palmaris longus A branch of the radial artery was then isolated at the 
metacarpal base and united to the fibular digital artery by a 3 em venous 
graft by microvascular anastomosis. Venous graft was necessary because 
the digital artery of the toe had been injured during arterial dissection Ex- 
cellent blood How was obtained immediately and three dorsal vens were 
anastomosed. Because of the skin defect at both sides of the thumb. ab- 
dominal pedicle skin graft was performed. The total time of operation was 
l4 hours 

The patient was given heparin 5000 units intramuscularly every 6 hours 
for 24 hours. then dicoumarol 100 mg per day orally for twe weeks 
Postoperative course was smooth Nerve graft was carried out six weeks 
alter the operation. Eight weeks postoperatively, he had good pinch and 
opposition: while the sensation was still absent, he was able to write, eat 
with chopsticks and grasp objects with his new thumb Six months 
postoperatively, active motion of the M-P joint was limited, IP joint flexion 
was about 30 degrees but extension was only a trace, similar to a mallet 
finger (Fig 5} He had stereognosis of coin and recognition of pin prick; 
pain and touch sensation were present, Two points discrimination at the tip 
of the thumb was about 15 em and he had the ability to distinguish hot 
and cold water The stump of the amputated toe healed completely and he 
worked as a taxi driver without difficulty 


Case Report 


A 17-vear-old male suffered a machine crush injury, amputating the 
thumb which could not be treated by replantation The index. middle and 





hi. 6 Nine months postoperatively 
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hi. 7 Patient can tonch the stump 
of the little finger with the new 
thumb 





ring fingers were amputated at the middle phalanx level with severe injury 
to the proximal phalanx. and the little finger was amputated at the prox- 
imal phalanx The patient was treated by abdominal pedicle graft to 
reconstruct the index, middle and ring fingers. and toe to thumb transfer 
was carried out 

On August 14, 1973. under general anesthesia, a tourniquet was applied 
to the left leg The left second toe was explored at the M-P joint level; two 
extensor tendons and one flexor tendon were dissected at the proximal por- 
tion. about 10 em in length Both tibial and fibular digital arteries were 
identified and dissected The joint was disarticulated and enough skin was 
left to cover the stump of the amputation. Both digital nerves were dis- 
sected at the proximal portion, about 3 em in length; the second toe was 
then transplanted to the thumb stump. The size of the second toe digital 
artery was about 0.6 mm in diameter and eight stitches suture with 10(0) 
microfilament were done 

Four small veins were then anastomosed, all by venous graft about 5 cm 
in length. to bridge the defect The digital nerves were anastomosed by 
funicular suture. and skin defect at the dorsal and both sides of the new 
thumb were covered by abdominal pedicle graft. The total operative time 
was 13 hours 

The postoperative course was smooth Three weeks postoperatively, the 
abdominal pedicle graft was detached and the patient was discharged one 
month after the operation When examined nine months postoperatively. 
he had good pinch while the Hexion of the M-P joint was 60 degrees and IP 
wint was 30 degrees (Figs 6 and 7). He had touch and pain sensation and 
walked without a limp 


Discussion 


Toe to thumb transfer by immediate Nicoladoni 
procedure® as described in the present cases requires long 
operative time. However, if successful, the new thumb is 
very useful 

The operative procedure of toerto thumb transplantation 
does not appear to be difficult; however, the second toe to 
thumb transfer operation is more difficult technically 
because the digital vessels of the second toe are about halt 
the size of those of the great toe. Since removal of the great 
toe causes certain disadvantages, the second toe was chosen 
for transplantation in case 2. 
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Twit 1 Summary of 36 Cases of Complete Finger Amputation 
Case Age Site of 
No. (yrs.) Sex Amputation Survived Failed 
l 28 M Rt 2m-p(3.4m-p) 2 
2 21 F Rt |m-p l 
3 20 M Rt 5m-ph 5 
4 25 M Rt 5p-ph 5 
>» 20 M Rt 3,4 m-ph 4 3 
6 24 M Rt 3.4.5 m-p 3.4.5 
7 I7 M Rt 3.4.5m-ph 3 4.5 
8 28 M Rt 3m-ph 3 
9 53 M Rt I p-ph | 2,3,4 
2.3.4 m-p 
10 I8 M Lt 3p-ph 3 
1] 20 M Rt 5p-ph 5 
12 26 M Rt lp-ph l 
13 25 Fo £2.2.4 DIP 2.3 4 
3 m-ph 
1S F Rt 2m-ph 2 
15 20 F Rt 4m-ph 4 5 
5 DIP 
16 44 M Lt 1,2. 3p-ph Lt. 1,:2,3 Rt | 
(4.5 m-ph) 
Rt | p-ph 
\7 20) M Lt 3p-ph 3 
18 Iyi M Lt 3DIP({(4) 3 
19 18 M Lt 4m-ph 4 
20 18 M Lt I m-p l 
2] 19 M Lt 4.5 m-ph (3) 4 5 
22 20 M Rt 1 p-ph | 
23 Is M Rt 3m-ph (4) 3 
24 20 M Rt 1,2. 3p-ph 2.3 l 
25 23 M Rt 2.3 m-ph 2.3 
26 20 F Rt 2m-ph 2 
27 20 M Rt. 2,3m-p 2.3 
28 1s M Lt 2.3.4. 5 p-ph 2,3 4.5 
29 I7 F Lt 3m-ph 3 
30 28 M Rt 2.3 p-ph 2.3 
31 35 M Lt 2.3,4p-ph 2.3, 4 
32 l4 M Rt 1.2 p-ph | 2 
33 19 M Rt 3.4.5 m-ph 5 3.4 
34 25 M Rt. 2m-p(1,3) 2 
(index to thumb) 
35 16 M Rt 4.5 m-p 4.5 
36 5 M Lt Sm-ph 5 
Total 38 cases 65 fingers 45 fingers 20 fingers 


Numbers 1, 2, 3. 4. 5 represent the thumb, index, middle, ring and 
little fingers, respectively 

( ) = without replantation 

m-p = metacarpa-phalangeal joint 

PIP = proximal interphalangeal joint 

DIP = distal interphalangeal joint 

p-ph = proximal phalanx 

m-ph = middle phalanx 


Digital Replantation 
Materials and Method 


From August, 1972 to November, 1973, 30 cases of in- 
complete amputation and 61 cases of complete amputation, 
including the upper arm, forearm, wrist and palm, finger 
level were treated. Thirty-six cases with 65 complete fingers 
amputation are included in this report (Table 1). 

When the finger was amputated, it was cooled by ice in a 
plastic bag and sent to the hospital as soon as possible. After 
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it was cleaned by scrubbing, it was immersed in normal 
saline solution and kept in the ice box at 0-4 C 

The indication for reattachment was minor crushed 
wound or clear-cut amputation within 12-14 hours of an- 
oxia."® 

Operation was carried out as soon as possible under 
brachial plexus block or endotracheal anesthesia. Air tour- 
niquet was applied on and off during the operation. 

After debridement was carried out to clean the contusion, 
bone was shortened about half to one centimeter and was 
united by intramedullary pin fixation. Flexor tendon was 
united by 4 ("0") nylon suture, one to two arteries were 
anastomosed by microvascular suture technique and two 
digital nerves were approximated by one stitch suture. The 
tourniquet was then released and the site of anastomosis 
was checked. The finger became pinkish immediately and 
venous return was profuse. Finally, closure of the volar skin 
was performed 

The tourniquet was then reapplied to control the 
bleeding and anastomosis of extensor tendon was done by 
two or three stitches. The dorsal subcutaneous veins were 
anastomosed by intermittent suture by 10 (°0") or 8 (°O") 
microfilament 

At least two veins were united, usually 2-5 veins were 
anastomosed) The tourniquet was released again and the 
site of anastomosis was checked and the dorsal skin was closed 
If multiple fingers were amputated, the same procedure 
was applied again 

During the operation, the vessel stump was irrigated with 
heparinized saline and magnesium sulfate (1000 units of 
heparin in 100 ce of normal saline and 20 ce of 10% 
magnesium sulfate solution) and the patient received 5000 


He S Case 12. Followup eight 
months postoperatively: Note flex- 
ion of thumb 
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hu. 9. Case 13. Left hand, prior to operation 


units of heparin every 6 hours for 24 hours, Perfusion of the 
amputated finger was not done. In recent cases, 500 ce of 
how molecular dextran was given intravenously daily for 





hu. 10 Case 13 Left hand, six months postoperatively 
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Kuo TL Case 16 Left hand, prior to operation 





two weeks. Other medication includes coumadin, an- 
tibiotics, complamine, anginin, ete 

If any sign of cyanosis. coldness or pallor developed, the 
wound was re-explored, Arteries were checked first; if they 
were patent, the vein was checked again. The thrombosed 
vessel was resectioned and resutured or repaired by venous 
graft 
Results 


The site of amputation of the fingers were 4 at DIP, 22 at 
middle phalanx and 39 between PIP and M-P. The survival 
rate was 50%, 68.1% and 72%, respectively (Table 1). 


Case Reports 


Case 12. A 26-veur-old male suffered guillotine amputation of the right 
thumb at the IP joint level on April 16, 1973. Replantation was carried out 
by fusion of the IP joint, repair of two digital arteries, two digital nerves 
and three veins Postoperative course was smooth; patient was discharged 
two weeks following operation and was examined on December 10, 1973 
Two point discrimination of the thumb tip was 1 cm., temperature detec- 
tion was good and motion of the thumb was normal except that the IP joint 
was in 30 degree Hexion (Fig 8) 

Case 13. A 25-vear-old female, in her third month of pregnancy, suffered 
amputation of the left index, middle and ring fingers at the DIP joint level 
1973, at 6:00 pm. (Fig. 9) 
hospital about 30 minutes after the accident and replantation was carried 


by accident on May 25 She came to the 
ont under brachial block anesthesia 

The index finger was replanted first by the usual method; two arteries, 
two nerves and three veins were repaired and the DIP joint was fused 
Inadvertently. the middle and ring fingers were cooled to minus 20 C and 
were stony hard. After immersing in saline for a period of time, the same 


procedure for replantation was performed on the middle and ring fingers 
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Left hand, two weeks postoperativels 


The ring finger developed evanosis 24 hours later and was amputated. The 
color and temperature of the middle finger was not as good as that of the 
index finger; however, it survived two weeks after the operation. Six 
months later, both index and middle finger tip still showed hyperemia (Fig 
10) 

Case 16. A 44-year-old male had both hands cut by a paper machine at 
8:00pm on September 21. 1973, with amputation of all fingers of the left 
hand and the right thumb, and partial amputation of the right index finger 
(Fig 11) Replantation was carried out at 9:30 p.m. and completed at 7:00 
am. the following morning 

Two arteries, two nerves, two veins and the extensor tendon were 
repaired on the left thumb The left index finger was replanted by 
anastomosis of two arteries, two nerves, two veins and the extensor and 
Hexor tendons 

The left middle finger was replanted by anastomosis of one artery, one 
nerve, two veins and extensor and flexor tendons 

The right thumb was replanted last by anastomosis of one artery, one 
nerve, two veins and the extensor tendon 

Immediately alter replantation, all fingers became pinkish and warm 
On September 25, 


mildly cyanotic and cold. It was found that the dressing was too tight at the 


1973. the right thumb became moderately swollen 


base of the right thumb The dressing was released and the color improved 
a little. Two days later, the thumb became cyanotic and was finally am- 
1973 


The left thumb. index and middle fingers survived over two weeks (Fig 


putated on October 2, 


12 


Case 34. A 25-year-old male was caught by an electric saw at 9:30 p.m 
on June 8, 1975, and referred to our hospital an hour later. The left thumb 
index and middle fingers, and the thumb index web were amputated (Fig 
13) The amputation stump was clean but only the index finger was 
suitable for replantation 

Under brachial block anesthesia, excision of the proximal part of the 
phalangeal bones of the index finger and the middle finger was performed 
Fixation of the proximal phalanx to the first metacarpal bone was per- 
formed by one Kirschner s pin. Primary suture of the flexor profundus to 
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the flexor policis longus was performed) Two arteries were united, the ex- 
tensor tendon was approximated to the thumb extensor tendon and four 
veins were repaired The skin and soft tissue of the middle phalanx was 
covered to the thumb web. On the second day. evanosis developed due to 
thrambosed arteries which were excised and repaired by a 2 em venous 
uralt and circulation was restored) Thereafter, the postoperative course was 
smooth The patient was discharged on July 23, 1973 

Patient was readmitted on August 13. 1973. tor tendolysis of the extensor 
tendon and neurovascular island graft of the ring finger to thumb He 
could make good pinch with the new thumb, Hexion of M-P was 90 degrees 
and IP was 30 degrees; the sensation was almost normal, When examined 
in December, flexion of the new M-P joint was 100 degrees and the IP joint 
remained at 30 degrees (Fig. 14). The patient could make precision grip. 
pain. touch and temperature sensations were nearly normal at the finger tip 
area He returned to his regular work 

Case 36. An S-vear-old boy suffered from avulsion amputation of the left 
little finger at 10:00 am. on November 28. 1973. when he was trapped bs 
an escalator, He was admitted to the hospital at 11:00 am The middle 
phalanx was crushed and the soft tissue was also contused (Fig. 15 

Under general endotracheal anesthesia, replantation was performed by 
excision of the contused part of the soft tissue and total removal of the mid- 
dle phalanx. Two arteries, two digital nerves and four veins were repaired 
Total operative time was five hours. The finger was warm and pinkish until 
December 6, 1973, when it became cevanotic Low molecular dextran, 250 


ec intravenously per day, was given for one week. The finger again became 





hu. 13 Case 34 Lett hand, prior to operation. Note amputation of thumb 
index and middle phalanges. Only the index finger was sutable for replan 
tation 
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Discussion 

In the present series of 36 patients with 65 amputated 
fingers, 32 cases with 45 fingers surviving the reattachment. 
The successful rate of cases with at least one finger surviving 
the reattachment is 88%, while the survival rate of the total 
number of fingers is 69%. O'Brien” reported eight cases 
with 14 fingers receiving replantation and five cases with 11 
fingers surviving the reattachment. The survival rate is 
83%; however, a number of amputated fingers were not 
replanted. 

The long operating time and the restriction of anoxia 
time are the main problems in digital replantation. The 
ideal technique should not only be uniformly successful but 
should also be easy and quick so that multiple fingers 
replantation becomes possible within the maximal limit of 
anoxia time.’ Malt has estimated that the permissible 
period of replantation using hypothermia may be up to 
18 hours.” Active blood flow and viability have been shown 
to return after 14 hours of anoxia. 

The operative time for one finger replantation is usually 


2-3 hours with the aid of tourniquet control which is half 
11,18 





the time in other series ranging 3-7 hours. 
Under the air tourniquet control, blood flow is still pres- 
ent but the bleeding is minimal; therefore, the operative 
field is clean and the vessel can be anastomosed quickly For 
multiple fingers replantation, the air tourniquet is inflated 
for one hour, then deflated for 20 minutes. If the amputa- 
Pus: id; Case 84 tate hand) sixcmosths postoperatively. ‘Exteniton af SONH distal to proximal interphalangeal joint, rubber band 
thumb is complete tourniquet can also be used 

At present, it is possible to anastomose vessels of 0.5 mm 

pinkish and warm on December 7, 1973, and he was discharged two weeks in external diameter. Sometimes, open anastomosis is 
postoperatively (Fig. 16) necessary for the 0.3-0.5 mm vessel in children or about 


o>. 





rp FF 


Fie 15 (left) Case 36. Lett 
hand, prior to operation 
Fig 16 (right) Left hand, 
two weeks postoperatively 
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DIP level of finger. This is especially true for the small vein 
which cannot be separated for a suitable length to be 
applied by the double clamp. 

Debridement of the contused part should be performed 
before shortening of bone. The bone is shortened by 0.5-1 
cm or more, which is shorter than the soft tissue so that the 
vessel and nerve can be repaired without tension. If vessel 
defect is noted, venous graft should be applied. 

Venous thrombosis is mentioned as the most frequent 
cause of replantation failure '*'* However, in this series, 
arterial obstruction was more frequent than venous obstruc- 
tion. Twice as many veins were sutured as compared to 
arteries 

Although it has been reported that repair of two digital 
arteries would not increase the survival rate as compared 
with repair of single digital arteries, repair of two arteries 
and more than two veins may ensure a greater chance of 
survival. '* When twice as many veins as arteries are sutured, 
the swelling is kept to a minimum and no decompression of 
digits is required 

Pallor, blanching and inadequate capillary filling are the 
main manifestations of arterial obstruction while venous 
obstruction shows mottling, dark purple discoloration and 
capillary filling remains.'*"* Occasionally, cyanosis by 
venous regurgitation is noted in arterial obstruction. 

Acland used the isotonic solution of magnesium sulfate in 
water to prevent early thrombosis formation at the site of 


anastomosis.’ Magnesium sulfate is the ideal vasodilator 
and is strongly antithrombotic. Small amounts of 


magnesium sulfate solution in heparinized saline is 
beneficial, 

Irrigation of the amputation stump is performed routinely 
but is not performed in the detached fingers because in- 
sertion of the needle may damage the arterial intima. The 
artery is united first Allowing the veins to bleed permits 
early resumption of arterial How, and shortens the period of 
tissue anoxia. In addition, the veins stand out when filled 
facilitating identification and repair. Systemic use of 
heparin and low molecular weight dextran during the 
operation may prevent early thrombosis. It is claimed that 
the frozen finger may be damaged as in frostbite and is con- 
traindicated for replantation;'* however, one frozen finger 
survived the replantation (case 13) without any tissue 
damage as compared to the non-frozen finger. 

Consideration should also be given to autotransplantation 
of an amputation stump on top of another amputation 
stump,’* as presented in case 34 

Evaluation of the functional result is difficult because of 
variation in the ages of the patients, the sites of amputation 
and the mechanism and extent of injury. Consideration 
must be given to the patient's occupation, his motivation 
and whether the long-term disability and numerous 
operative procedures will be worthwhile. 

Since no upper extremity prosthesis is better functionally 
than a pinching or grasping hand with sensation, limited as 
it may be, every effort should be made to reimplant in the 
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case of distal amputation of the fingers, especially the 
thumb and index finger." 

Although the followup period is relatively short in the 
present series, the function of the replanted finger is 
satisfactory in the majority of cases. 
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A Gastroplasty for Short Esophagus 


and Reflux Esophagitis: 


Experimental and Clinical Studies 


NICHOLAS J. DEMOS, M.D., NORMAN SMITH, Ph.D.,* DAVID WILLIAMS, B.S. 


A safe, simple, effective gastroplasty for short esophagus with 
reflux esophagitis is described. It has been evaluated im dogs for 
up to three years with flexible fiberesophagoscopy, esophagrams 
and intraluminal pressure studies. Successful clinical experience 
has been encouraging. 


HE TREATMENT of reflux esophagitis in tħe pres- 
Ta of a short esophagus has two objectives: 1) the 
mechanical restoration of a one-way valve mechanism; and 
2) infradiaphragmatic placement of the valve. In the 
presence of short esophagus the Collis gastroplasty corrects 
the shortening by using the lesser curvature of the stomach 
for extra length. Long term results have been excellent with 
the initial Collis procedure’? or the addition of Belsey repair 
to the Collis technique.** 

In the original Collis procedure, the stomach is divided 
6-10 cm parallel to the lesser curvature, and a prolongation 
of the esophagus is achieved. In doing so a 12-20 cm suture 
line is created, which takes 45-60 minutes to accomplish. 
This technique inherently carries the possibility of a leak. 

A modification of the Collis technique has been worked 
out in the dog and successfully applied clinically. The new 
technique has been found safer, simpler and effective. 
Moreover it reduces the operating time by 45 minutes. 


Technique 


A simple cartridge of two rows of staples is placed with 
the TA-55 stapler on the fundus of the stomach parallel to 
the lesser curvature. The lumen of the esophagus and of the 
new lesser curvature segment is held open by a pererally in- 
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troduced esophageal dilator of French 44 to 55 size. An ad- 
ditional 6 cm of esophageal length is thus obtained (Fig 
lA) 

This procedure takes one minute to perform. Next, the 
remaining gastric fundus is wrapped either totally or sub- 
totally around the newly created tubular prolongation of the 
esophagus. Frequently, this entire valvular mechanism can 
be sutured in its entirety below the diaphragm (Fig. 1D). 


Experiment 


Esophagogastric incompetence was produced in a group 
of 8 dogs by either esophagogastrostomy or esoph- 
agogastromyectomy.*® In a second operation esoph- 
ageal lengthening and fundoplication was performed as 
described above 

In an additional 10 dogs the above two stages were per- 
formed simultaneously. 

The effectiveness of this new gastroplasty was tested 
by pre- and postoperative photographic flexible fiber- 
esophagoscopy, esophagrams, fluoroscopy and by gastro- 
esophageal pressure studies. 


Experimental Results 


Two of the Group I dogs died, one of pneumonia and one 
of too narrow lesser curvature channel. The adequacy of the 
new channel was subsequently ensured by the insertion of 
the esophageal bougie during the stapling and fundoplica- 
tion. 
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Fic. 1. A. Stapling parallel to the lesser curvature to lengthen short esoph- 
agus. B. Fundoplication. C. Suture of the hiatus: part of the plicated 
segment remains above the diaphragm. D. Frequently, the entire plicated 
segment can be sutured below the diaphragm, even if the true cardia is 
preoperatively at or above the level of the hiatus 


Complete healing of the hemorrhagic and/or ulcerating 
esophagitis was observed in the remaining six dogs of Group 
I. The Group II dogs never showed esophagitis. All sur- 
viving dogs maintained competence (Fig. 2) and a good size 
lumen (Fig. 3) during a three- year followup. 

Pressure competence of the new sphincteric mechanism 
was routinely observed (Fig. 4). 

Barium studies revealed a 5-6 cm competent lower 
esophageal segment (Fig. 5). 


Case Reports 


Case 1. A 56-vear-old woman had two episodes of subacute but massive 
upper gastrointestinal bleeding Lower esophageal hemorrhagic erosion 
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Fic 2. Lower esophageal com- 
petence. 
Fi. 3 Adequate lumen of new 


lower esophageal segment 





was seen on fiberesophagoscopy. Barium swallow revealed a large sliding 
hiatal hernia (Fig. 6). The new gastroplasty and fundoplication was per- 
formed through the left seventh intercostal space. Postoperative esoph- 
agram revealed sphincteric competence and an infradiaphragmatic 
lower esophageal segment (Fig. 7). She has remained asymptomatic for 
over nine months, and fiberesophagoscopy has revealed healing of the 
esophageal erosions 

Case 2. A 65-vear-old man had several episodes of dysphagia over the 
past few years. X-rays demonstrated a large hiatal hernia with about one- 
third of his stomach displaced in the chest. At operation a short esophagus 
was also found. A gastroplasty and fundoplication were performed 
through the left seventh intercostal space. He made an uneventful recovery 
and has remained free of dysphagia over several months 

Case 3. A 60-vear-old woman has had severe epigastric pain and subster- 
nal burning recurring shortly after a hiatal hernioplasty performed 4 years 
previously elsewhere. Fiberesophagoscopy revealed free gastroesophageal 
reflux. Biopsies of the cardia revealed acute and chronic inflammation 
Through the left seventh intercostal space, a gastroplasty and fundoplica- 
tion were performed. A short esophagus was present. The entire plicated 
segment was sutured at an infradiaphragmatic position, even though the 
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Fe 5 Competent lower esophageal segment in the dog 





Fio 7 Case | Competence of the lower esophageal. intra-abdominal seg- 
ment after gastroplasty and fundoplication 


cardia could be pulled down only to the level of the diaphragm She has 


remained free of pain for several months 


Comment 


Great advances have been recently made in the treatment 
of reflux esophagitis. In the absence of esophageal shorten- 
ing. simple transabdominal or transthoracic repair restores 
an intra-abdominal esophageal segment and transfixes the 
cardia below the diaphragm 

Long-standing esophagitis may produce not only circular 
intraluminal stricture but longitudinal shortening. The 
presently described technique produces a prolongation of 
the esophagus and fixation of the last few centimeters under 
the diaphragm. The gastroplasty produced by stapling is 
quick, safe and effective. The addition of the fundie wrap- 





ping effects a soft, cushioned but distensible collapse of the 
new esophageal segment. Moreover, it maintains the 
desired angle between the-esophagus and the stomach and 
helps by its bulk to transfix the last several centimeters 
intra-abdominally. During the creation of the additional 
length, the gastric lumen is not entered, and leakage with 
its attendant morbidity and mortality is obviated 





Fu. 6 Case 1 Large hiatal hernia Long term studies up to three years with fiberoptic 
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photography, esophagrams, and intraluminal pressure 
studies have confirmed the soundness of the experimental 
procedure. 

Recent clinical experiences have encouraged us to re- 
gard the procedure as applicable and curative. The first 
patient has had no dysphagia or recurrence of her esoph- 
ageal hemorrhage. Postoperative fiberesophagoscopy has 
revealed complete healing of the lower esophageal erosions. 
The other two patients have remained asymptomatic for 
many months. We will continue to follow these cases for 
long term results. 
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Femoroperoneal Bypass: 


Evaluation of Potential for Revascularization 
of the Severely Ischemic Lower Extremity 


FREDERICK A. REICHLE, M.D., F.A.C.S., R. ROBERT TYSON, M.D., F.A.C.S 


In 79 patients in whom distal small vessel bypass with 


autogenous vein was used for revascularization because of 


gangrene, gangrenous ulceration or rest pain, 14 had 
femoroperoneal bypasses. Femorotibial or femoroperoneal 
bypasses were performed in those patients in whonrno popliteal 
runoff was present on pre-operative — arteriogram. 
Femoroperoneal bypass was performed in preference to primary 
amputation in each case. Nine of 14 (64.3%) of femoroperonea! 
bypasses were functional whereas 57 of 79 (72.2%) of total distal 
bypasses to small vessels were functional. Salvage of severely 
ischemic lower extremities was achieved in 5 of 14 (35.7%) 
patients after femoroperoneal bypass and in 46 of 65 (70.8%) 
patients after bypass to anterior tibial or posterior tibial arteries. 
Graft patency without limb salvage occurred in 4 of 9 (44.4% ) 
patients with patent femoroperoneal bypasses and in only 2 of 48 
(4.2% ) of patients with femorotibial bypass. Although limb 
salvage rate is considerably less with femoroperoneal than 
femorotibial or femoropopliteal bypass, attempted limb 
revascularization by peroneal bypasses is preferable to primary 
amputation in patients with rest pain, gangrenous ulceration or 
gangrene, 


XPERIENCE with long autogenous saphenous vein by- 
Eanes to the small arteries of the severely ichemic lower 
extremity distal to the popliteal has been reported.’ * Limb 
salvage after distal small vessel bypass in 79 patients 
operated for gangrene, gangrenous ulceration or rest pain is 
64.6% .* Long-term limb salvage results in most patients in 
whom initial limb salvage is achieved.* Most bypasses to the 
distal lower extremity are femorotibial. Little experience 
has been reported with bypasses to the peroneal artery. Of 
the 79 patients without popliteal run-off, 14 had only 
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peroneal artery visualized on preoperative angiogram. In 
these patients femoroperoneal bypass was performed in 
preference to primary amputation in each case. 


Methods 


Either continuous epidural or general anesthesia was 
used. Because 2-4 hours of operating time are required 
regional anesthesia is preferred when possible. A medial in- 
cision is used to approach the peroneal artery. The incisior 
parallels the posterior aspect of the tibia and is carriec 
through the tibial attachment of the soleus muscle. In ap- 
proaching the peroneal artery, the posterior tibial artery is 
encountered first in a fascial plane deep to the soleus mus- 
cle. The peroneal vessels are located more laterally and in 
the same fascial plane. In its more distal course, the 
peroneal vessel may enter the substance of the flexor 
hallucis longus muscle and may therefore be difficult to find. 
The peroneal artery is explored before femoral artery dissec- 
tion, to first determine the pliability of the artery. If the 
artery is deemed suitable on the basis of external operative 
inspection, arteriotomy is performed and run-off is assessed 
in both cephalad and caudad directions. Heparinized saline 
solution is instilled into the proximal and distal vessel 
shortly after the arteriotomy is performed to prevent in- 
traarterial thrombosis, and to assess ease of injection in both 
directions, Low grade magnification is used as previously 
described," 

All bypasses were performed with reversed autogenou: 
saphenous vein graft except in one patient in whom the 
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Fics. la-d Preoperative angiogram of a 58-year-old male who had rest pain of the left lower extremity. (From left to right) Fig la. Occlusion of the mid- 
superficial femoral artery. Fig. 1b. Absent popliteal run-off is observed despite collaterals visualized in the region of the popliteal space (arrow) Figs te 
and ld. The peroneal artery (arrows) is visualized along its entire length to the ankle. 











Fics. le-h. Femoral arteriogram following femoroperoneal bypass (arrow) anastomosed to the superficial femora! artery. Fig If Autogenous vein bypass 
crosses the ankle joint and is anastomosed to the proximal peroneal artery. Both proximal and distal run-Off into peroneal artery (arrow) is seen. Fig | 
Distal peroneal artery (arrow) fills. Fig 1h. Distally the peroneal artery (1) communicates by a well developed collateral (3) into the distal anterior tibial 
artery (2). This collateral provided additional run-off into the foot. The foot developed marked heat of revascularization in the early 
The patient gradually developed a dorsalis pedis pulse which gradually increased in amplitude in the postoperative period 
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postoperative period. 
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Fics, 2a-c. Preoperative 
femoral arteriogram in a 53- 
year-old physician with rest 
pain and digital ulceration 
of the left lower extremity. 
(Left to right) Fig. 2a. 
Occlusion of the superficial 
femoral artery (arrow). Fig. 
2h Absent popliteal run-off 
despite collaterals which are 
visualized in the popliteal 
area. Fig. 2e. Peroneal 
artery (arrow) is the only 
vessel visualized in the distal 
extremity on preoperative 
argiegram 





Fics. 2d-f Femoral arterio- 
gram after femoroperoneal 
bypass. This bypass has func- 
tioned for 69 months. The pa- 
tient is still active and asymp- 
tomatic. (Left to right) Fig. 
2d. Autogenous saphenous 
vein bypass (arrow) 
originating from the 
superficial femoral artery 
Fig. 2e. Antogenous vein 
bypass (arrow) anastomosed 
end-to-side into the 
peroneal artery (arrow), Fig. 
2f Distal peroneal artery 
(arrow) with run-off into the 
foot) Anastomosis of un- 
named collaterals around 
the lateral aspect of the 
ankle and foot. Long-term 
graft function and limb 
salvage may be related to 
the abundance of distal 
collaterals. No dorsalis pedis 
or posterior tibial filling in 
the foot can be demon- 
strated, 
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Taste lt. Incidence of Functional Bypasses 


Incidence of 
Bypass Function 


9/14 (63.4%) 
48/65 (73.8% ) 
57/79 (72.2%) 


Type Bypass 


-x 


Femoroperoneal 
Femorotibial 
Total Small Vessel 


saphenous vein was inadequate. In this patient an 8 mm 
= Dacron prosthesis was anastomosed into the proximal 
peroneal artery. However, the bypass immediately throm- 
bosed and was unsuccessful. 
| Angiographic demonstration of a patent distal vessel with 
` an adequate arteriogram is essential in selection of patients 
for bypass. Demonstration of collateral vessels in the region 
of the non-visualized main distal artery is considered 
evidence of an adequate arteriogram. 


Results 


Nine of the 14 (63.4%) of the femoroperoneal bypasses 
were functional (Table 1). This is only slightly less than the 
incidence of functional bypasses in our total series in which 
57 of 79 (72.2%) bypasses to small vessels distal to the pop- 
liteal were functional. Similarly, 48 of 65 (78.8%) 
femorotibial bypasses were functional. 

However, graft patency without limb salvage occurred in 
4 of 9 144.4% ) patients with patent femoroperoneal bypasses 
(Table 2). In contrast graft patency without limb salvage oc- 
_ curred in only 2 of 48 (4.2%) of patients with femorotibial 
bypass. Salvage of severely ischemic lower extremities was 
achieved in 5 of 14 (35.7%) patients after femoroperoneal 
bypass and in 46 of 65 (70.8%) patients after femorotibial 
bypass (Table 3). Over-all limb salvage following 
femorotibial or femoroperoneal bypass- occurred in 51 of 79 
(64.6%) patients (Table 3) (1). 

Of the 5 patients achieving limb salvage after 
femoroperoneal bypass two patients are presently alive with 
_ functional bypasses. The average duration of patent bypass 

with limb salvage in these patients is now 54.5 months. 

Three patients died with patent femoroperoneal bypasses 

and hed limb salvage until the time of death. The average 
duration of graft patency with limb salvage at the time of 
death of these three patients was 29.3 months. Overall 
average duration of graft patency in the five patients achiev- 
ing limb salvage is 34.4 months at the present time. The 
patient with the longest patent bypass and limb salvage is 
now 69 months following bypass (Fig. 1). He is entirely 
asymptomatic and quite active. No late bypass occlusions 
have occurred in any patients who had femoroperoneal 
bypass resulting in patent bypass and initial limb salvage. 


- Tani 2. Graft Patency without Limb Salvage 


Femorotibial Bypass 
Femoroperoneal Bypass . . 


2/48 (4.2%) 
4/9 (44.4%) 


FEMOROPERONEAL BYPASS 
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Tasix 3. Limb Salvage after Small Vessel Bypass 


Femoroperoneal 5/14 (35.7%) 
Femorotibial 46/65 (70.8%) 
Total Small Vessel 51/79 (64.6% )- 


Ten of the 14 (71.4%) patients in whom femoroperoneal 
bypass was performed were diabetic (Table, 4). By com- 
parison 81 of 65 (47.7%) patients who ‘had fernorotibial 
bypass had diabetes. No postoperative mortality occurred 
after femoroperoneal bypass. 


Tani 4. Incidence of Diabetes Mellitus in Patiénts Bypassed 
Femoroperoneal 10/14 (71.4%) 
Femorotibial 


81/65 (47.7%) 


Discussion 
In assessing the value of femoroperoneal bypass, con- 
sideration of the preoperative indications is of prime impor- 
tance. Patients in this series were operated on primarily for 


limb salvage. Bypasses were performed in lieu of primary 


amputation. Preoperative indications included. gangrene, 
gangrenous ulceration and rest pain. No patients undergo- 
ing femoroperoneal bypass had intermittent claudication as 
the only operative indication. As a salvage procedure,.even 
35% limb salvage would seem satisfactory. On the basis of 
these results, femoroperoneal bypass is not indicated .for 
claudication alone unless the claudication interferes with 
the patient's occupation. i 


Bypass function without limb salvage is considerably : 


more common after bypass to the peroneal artery than after 


bypass to anterior or posterior tibial arteries. This is- 
presumably related to the anatomic distribution of the 
peroneal artery which frequently has little distal run-off into 


the foot. In some patients, however, extensive run-off 
through collaterals may contribute to continued patency of 
femoroperoneal bypasses and revascularization of distal 
ischemic tissues (Figs. la-h and 2a~f). | 
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Effect of Complete Parenteral Nutrition 


Using Fat Emulsion on Liver 


YOSHIKO KOGA, M.D.,* KEIICHI IKEDA, M.D.,t KIYOSHI INOKUCHI, M.D., D.Sc.t 


Four to 8 weeks öf complete parenteral nutrition including fat 
emulsion, 10% Intralipid, from 2 to 4 gm/kg/day, was stud ed in 
puppies. The following conclusions were reached: At the md of 
4-8 weéks of complete parenteral nutrition using the infus on of 
fat emulsion, the lipid content of the liver was twice the va.ue in 
control animals, which returned to the approximate norma! 
value in a short period after the interruption of the fat emulsion. 
This increase in the lipid content was considered to be cauzed by 
a proper metabolic process of fat emulsion and would se2m to 
indicate that the daily infusion of the fat emulsion from 2 to 4 
gm could be performed safely for an extended period of time. 


, T T YPERALIMENTATION and complete parenteral nutition 
i H: are often used in pediatric surgery. For many ressons, 
- -fat emulsion is necessary in order to obtain the required in- 


>, travenous supply of energy in such cases. This stud was 
a dedigned to determine the effect of the prolonged inkusion 
o of fat emulsion on the liver of immature dogs who were 


i emipintained on a complete parenteral nutrition, inclading 
“Intralipid” for 4 to 8 weeks. 


Materials and Methods 


- Seven, two or three-member litters of puppies, or < total 
of 17 animals, 8-10 weeks old were used. A silicone rabber 
catheter was inserted into an external jugular vein and 
- threaded into the superior vena cava of one or two arimals 
«+ of each litter. The animals were sustained exclusively by 
vein receiving 140 Cal/kg of body wt/day. The soluticn, in- 

fused over a 21-23 hour period daily, consisted of 4 3m of 

“amino acid mixtures/kg of body weight, carbohydra_e, fat 
and all the vitamins and minerals recommended for g-owth 
in dogs (Table 1).* The provision of carbohydrate varid ac- 
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cording to the fat intake. The experimental animals were 
divided into three groups. Group 1: two animals (4 week ex- 
periment) received 2 gm of fat/kg/day. Group 2: three 
animals (4 week experiment) received 3 gm of fat/kg/day. 
Group 3: three animals (4 week experiment) and two (8 
week experiment) received 4 gm of fat/kg/day. Ten per 
cent Intralipid? was used as the fat emulsion (Table 2). It 
was infused over an 8-10 hour period in each 24 hours with 
8 u of heparin/kg of body wt/hr. Complete parenteral 
nutrition, with 31 gm of carbohydrate and 4 gm of amino 
acid mixtures/kg of body weight was continued after the 4 
week experiment for 5 days in one animal (dog 36, Group 2) 
and for 10 days in a second animal (dog 44, Group 3). The 
litter mate controls (seven animals) were fed Clea dog foad 
(commercial food with an adequate content of calories, 
minerals and vitamines) at the same caloric levels as the ex- 
perimental animals. The average daily fat intake was 3.5 
gm/kg of body weight. During the experiment using the fat 
emulsion, blood samples were taken at 2 week intervals in 
both the experimental and the control animals. In dogs 86 
and 44, the blood was drawn after 5 and 10 days respective- 
ly, on a fat free solution. The concentrations of plasma 
lipids, electrophoretic analysis of plasma by the method of 
Noble,“ the fatty acid composition of the plasma lipids, 
serum GOT and GPT, and other various determinations 
were carried out on each blood sample." The animals were 
sacrificed by exsanguination, 12-14 hours after the comple- 
tion of the last fat emulsion in the experimental animals ex- 
cluding dogs 86 and 44, which were sacrificed in the same 
manner after 5 and 10 days respectively on a fat free solu- 
tion. The control animals were sacrificed after overnight 
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Taste 1. Composition of the Intravenous Diet 
Nutrients (/kg/day) Vitamins (/kg/day) | Minerals (mg/kg/day) 

Protein 4.0 gm A 1,000 LU. Calcium 72 

Carbohydrate 22-31 gm D 100 I.U. Phosphorus 96 

Fat 2-4 gm E 0.51 LU. Sodium 120 

Calories 140 Cal Choline 25 mg Potassium 170 

Water 140-190 ml By 0.003 mg Chloride 315 
Folic Acid 0.015 mg Magnesium 20 
Thiamine 5.0 mg Copper 0.1 
Riboflavin 1.0 mg Cobalt 0.05 
Pyridoxine 1.5 mg Manganese 0.2 
Pantothenic acid 2.5 mg Zine 0.2 
Niacin 1.0 mg Iodine 0.06 
K 0.1 mg Iron 1.0 
Biotin 0.007 mg 
PABA 2.0 mg 


fast. At the time of necropsy, livers were removed and were 
fixed in 10% neutral buffered formalin. Tissue specimens 
from livers were frozen and stored at — 20 C for 
biochemical studies. Tissue specimens were subjected to 
various histopathological procedures, and those histochemi- 
cal procedures characterizing “intravenous fat pigment.’ 
Hepatic lipids were extracted,* evaporated to dryness 
and determined as “total lipids” by weight. The lipid 
fractions were separated by thin-layer chromatography 
on silica gel G, and the quantitative determinations were 
performed by the thawing methods: Lipid phosphorus, 
methed of Bauman.’ Total cholesterol, method of 
‘Zurkowski; Triglycerides, method of Fletcher;’ 
Nonesterified fatty. acids (NEFA), method of Duncombe.’ 
The fatty acid composition of the hepatic lipids was deter- 
mined by gas-liquid chromatography. 


Results 
1. Liver, Spleen and Lung Weight 


There were no remarkable changes in the liver, spleen 
and lung weight, calculated per gram weight. 


Tasik 2. A. Lipid Composition of Intralipid and Clea Deg Food 


Intralipid Clea Dog Food 

(gm/100 ml) (gm/100 gm) 
Triglycerides 9.79 3.35 
NEFA 0.11 0.53 
Lipid phosphorus 0.04 0.01 
Cholesterol 0.06 0.02 


B. Fatty Acid Composition (wt. %) of Intralipid and of Triglycerides 


of Intralipid and Clea Dog Food 





Fatty Triglycerides Triglycerides 
Acid Intralipid of Intralipid of Clea dog food 
C15 =0 11.6 11.2 20.4 
Ci5=1 0.4 L1 2.5 
C13 = 0 3.8 3.2 11.1 
C13 = 1 26.6 27.6 36.3 
C18 =2 50.0 i 49.4 25.2 
Others 7.6 75 ` 4.2 


2. Histopathological Studies 


The experimental animals showed a slight accumulation 
of fat in the parenchymatous cells of the liver, and the 
proliferation of and the accumulation of-fat in reticuloen- 
dothelial cells of the liver, spleen and lung. “Intravenous fat 
pigrient’ in Kupffer cells and the accumulation of 
reticuloendothelial cells with “intravenous fat pigment” 
were demonstrated in the liver. No other pathological 
changes were defined microscopically in the tissue 
specimens collected from major organs. 


3. Hepatic Lipid 


(a) Total Lipid (Fig. 1). The three experimental animals - 
averaged twofold increases in the total lipid content: In; 


dogs 36 and 44, the total lipid content returned to ap- 
proximately the control value. P 
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EXTRACTED LIPID OF THE LIVER (MG./GM, FRESH WT.) 


A B 


Fic. 1. Effect of complete parenteral nutrition including fat emulsion on 
the extracted lipid of the liver (total lipid). “A” represents the result of the 
8-week experiment. “B” represents the results of the 4-week experiment.® 
Group 1. © Group 2. X Group 8. HHH Control group (the mean value and 
the range of the value). 
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LIPID PHOSEAORUS 


NEFA 
Fic, 2, Effect of complete parenteral nutrition includjng fat emuLion on 


CHOLESTEROL TRIGLYCERIDES 





the hepatic lipid fractions in the 8-week experiment. X Group 3. 
Control Group. 


(b) Hepatic Lipid Fractions (Figs. 2 and 3). In the 4 and 
8 week experimental animals there was a marked increase in 
hepatic lipid fractions. There were twofold increases :n the 
lipid phosphorus, cholesterol and NEFA contents _nd a 
slight increase in the triglyceride content. In dogs 3 and 
44, the hepatic cholesterol content was below the control 
value, and the lipid phosphorus and NEFA contents were 


- approximately the control value. The triglyceride ccntent 


was, slightly higher than that of the control group. 
ate) Fatty Acid Composition of the Hepatic Lipid Frac- 


7 Höns (Fig. 4). In the experimental animals, the fatt~ acid 


Pa s 
` * 
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— ‘Sginiposition of hepatic phospholipids differed from that of 
eE ‘the: fat-emulsion and of its phospholipid component 


3 sfr the. 4 and 8 week experimental animals, the fatt acid 


a : composition of the cholesterol esters differed from taat of 
“'the fat emulsion, and of dogs 36 and 44. However, t had 
‘a ,¢onsiderable similarity to the fatty acid composition >f the 


fait. emulsion as a whole. 
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There was remarkable similarity in the fatty acid com- 
position of the hepatic triglyceride fraction of the 4 and 8 
week experimental animals, that of triglyceride component 
of the fat emulsion and of the fat emulsion as a whole. Dogs 
86 and 44, differed in their patterns of acids from other ex- 
perimental animals. 


4, Plasma Lipids" 


Two to threefold increases in the plasma lipid 
phosphorus, cholesterol and triglyceride levels were 
detected throughout the 4-8 weeks of the infusion of fat 
emulsion and those increased plasma lipid fractions were 
proven to be of endogenous origin. After 5 and 10 days on a 
fat-free solution, the levels of plasma lipid fractions of dogs 
36 and 44 decreased to approximately the initial values. The 
fatty acid composition of plasma lipid fractions was similar 
to that of hepatic lipid fractions. Lipoprotein elec- 
trophoresis on agarose gel disclosed that œ and $£- 
lipoproteins increased in the experimental animals during 
the 4 and 8 weeks of the infusion of the fat emulsion. 


5. Serum GOT and GPT 


There was no significant deviation from the normal in 
serum GOT and GPT. 

Slight ketonemias were observed during the 4 and 8 
weeks of the infusion of the fat emulsion. There were no 
remarkable changes in blood sugar, venous blood pH or in 
other various determinations. The animals were in good 
condition. In both the experimental and the control 
animals, their growth, development and weight gains were 
observed to be approximately normal. 


Discussion 


Because Intralipid consists of triglycerides, phos- 
pholipids, cholesterol and NEFA, it would seem impor- 
tant to investigate whether the increased hepatic fractions 


Fic. 3. Effect of complete 
parenteral nutrition in- 
cluding fat emulsion on the 
hepatic lipid fractions in the 
4-week experiment. @ 
Group 1. O Group 2. X 
Group 3. HHHH Control 
group (the mean value and 
the range of the value). 
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Fic. 4. Changes in the fatty acid composition (wt. %) of liver 
phospholipids, cholesterol esters and triglycerides in the 4 to 8-week com- 
plete parenteral nutrition. “A” represents the result of the 8-week experi- 
“B” represents the results of the 4-week experiment and of dogs 36 
and 44 after 5 and 10 days, respectively, on a fat-free solution after 4 weeks. 
© dog 36. @ dog 44. tH Control group (the mean value and the range 
of the value).----- Intralipid. 


were of exogenous origin, i.e., they were the accumulation 
of the fat emulsion in the liver, or were of endogenous 
origin. To determine this, the fatty acid composition of the 
hepatic lipid fractions were examined. Because of the ex- 
tremely short half life of NEFA,“ the NEFA of the infused 
fat emulsion might be metabolized rapidly and those in the 
liver were assumed to be endogenous. It was found that the 
fatty acid composition of phospholipid component of the fat 
emulsion and the hepatic lipids were dissimilar as were 
those of cholesterol esters in the fat emulsion and the 
hepatic lipids. The fatty acid composition of the hepatic 
triglycerides had striking similarity to that of the fat emul- 
sion as a whole. In this experiment, the plasma triglycerides 
whose fatty acid composition was similar to that of the fat 
emulsion as a whole were proven to be endogenous."! There 
is experimental evidence that the acid mixtures of the 
triglycerides were altered by the dietary fats.' Therefore, in 
the case of the intravenous fat administration, the same 
phenomenon might apply to the hepatic triglycerides. 
Thus, the evidence has been obtained that the increased 
hepatic lipid fractions might come from endogenous syn- 
thesis. 
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In this experiment, the three experimental animals 
averaged twofold increases in the total hepatic lipids and in 
hepatic lipid fractions, regardless of the length of the total 
infusion period and the daily volume of the fat emulsidn ad- 
ministered. Those changes in the hepatic lipids, however, 
diminished and returned to nearly the initial values shortly 
after the interruption of the fat emulsion as noted’ in dogs 36 
and 44. 

It is worthy of note that the long-term daily fat emulsion, 
largely composed of triglycerides, led to marked rises in the 
hepatic phospholipid and cholesterol contents as well as in 
the triglyceride content; and the increases in the former 
were more prominent. The constituent of the fat emulsion 
might be reformed into other esters within the liver and re- 
enter the blood stream as lipoproteins. In this experiment, a 
and £-lipoproteins, reportedly rich in cholesterol and. 
phospholipids,” seemed to perform the major lipid 
transport tasks in the experimental animals. What is actu- 
ally responsible for the increase in the hepatic lipids, par- 
ticularly with phospholipids and cholesterol is not com- 
pletely understood; however, enhanced endogenous syn- 
thesis of a and -lipoproteins in the liver, appears to have 
an important role. Evidence for this view is based on our 
observations that in the 4 and 8 week experimental animals, 
plasma lipid fractions, proved to be largely endogenous, 
were also elevated, concomitant with the rise in a and ĝ- 
lipoproteins in the circulation.’ The infused fat emulsion. 
might lead to the enhancement in lipid transport -tasks: ‘for - 
final uptake by the utilizing tissues. æ and 6- —— 
seemed to be produced vigorously for this purpose, and the”: 


E a a e 


tural components of lipoproteins.’ Because there ‘is abi: 
dant evidence that the liver is the chief source of the cir 
culating lipoproteins and lipids derived from oe. 
synthesis,? vigorous production of a and £- lipoproteins 
might cause the enhanced production of and the increase int. 
phospholipids and cholesterol in the liver. Although in this.?. 
experiment the experimental and the control animals. : 
received approximately the same amount of fat, the lipid: 
content of the liver was markedly increased when the: ex- 
perimental animals were compared with the contiol 


animals. This might be due to the differences in the. 
metabolic pathway between the fat given orally and.in-- . 


travenously.* Five and 10 days after the completion of thë 
last fat emulsion, however, those changes in the hepatic 
lipids returned to approximately the control values and the 
fatty acid composition of the hepatic cholesterol esters and 
triglycerides showed different results from those obtained at 
the end of 4 and 8 weeks of infusion of the fat emulsion. The 
phospholipids appeared to be influenced little in their fatty 
acid composition by the fat emulsion, as in the case of 
dietary fat.’ These phenomenon were presumed to indicate 
that the enhanced lipid metabolism, because of the fat 
emulsion, returned approximately to its initial level in 5-10 
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days after its interruptich, exerting no , residual ill effect. 
Furthermore, it was obtained that the animals remained. i in 
good condition, and their growth, development, and weight 
gain were observed to be approximately normal. Thus, daily 
infusion of fat emulsion, from 2 to 4 gm/kg of body weight 
could: be ‘performed safely for an extended period. 
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Effect of Antrectomy and Subsequent Vagotomy, ¢ on’ the 
Serum Gastrin Response to Food in Dogs 


ROBERT A.D. BOOTH, F.R.C.S., DAVID D. REEDER, M.D., JAMES C. — M.D. 


The eifect of food on serum gastrin and gastric acid secretion 
has been studied in dogs with denervated pouches before and 
after antrectomy and subsequent vagotomy. A Billroth I anasto- 
mosis was used in one group of dogs and a Billroth II in the other. 
Serum gastrin was measured by radioimmunoassay. In both 
groups of dogs antrectomy significantly depressed mean basal 
levels of serum gastrin and abolished the rise in serum gastrin in 
response to a meat meal. Meal-induced pouch acid secretion was 
considerably lowered by antrectomy after either Billroth I or 
Billroth II anastomosis. Vagotomy after antrectomy increased 
basal levels of gastrin, but did not restore the serum gastrin 
response to a meat meal in either group of dogs. It is suggested 
. that biologically active forms of gastrin are released from the 
antrum in response to a meal. Biologically inactive basal levels 
of gastrin apparently originate from extra-antral sources. The 
post-vagotomy increase in basal (static) gastrin suggests vagal 
control of the metabolism of static, extra-antral gastrin. 


PPRECIABLE QUANTITIES of extra-antral gastrin within 
A the gastrointestinal tract of man and animals have 
been demonstrated by radicimmunoassay**"*7"> and by 
immunphistochemical techniques.*” The effect of food, the 
ordinary physiological stimulus, upon stores of extra-antral 
gastrin is not completely understood. In man after gastrec- 
tomy, antrectomy,'® or antrectomy and vagotomy, 
feeding continues to elicit an increase in the serum concen- 
tration of gastrin apparently as a consequence of the release 
of extra-antral gastrin. We have demonstrated“ only minute 
rises in serum gastrin after feeding in dogs after gastrec- 
tomy. This suggests an important difference in the 
availability of extra-antral gastrin of the dog compared with 
man. The effects of antrectomy alone on the serum gastrin 
response to food in dogs are unknown. 

The present experiments were undertaken to study 
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further the release of extra-antral gastrin stimulated by food 
in dogs. 


Materials and Methods 


Twelve healthy adult mongrel dogs, 15-25 kg, with:: 
denervated fundic Heidenhain pouches (HP) were studied. F 
Serum gastrin concentrations and HP acid secretion were P 
measured in response to a standard meat meal before and 3 
weeks after antrectomy. — — 

Each dog underwent an 18 hour fast after ene a — 
catheter was placed in a hindleg vein for sampling: .» 
Duplicate basal blood samples were drawn for serum gastrin, 
determination and two basal 15-minute HP collections were * 
made. The dogs were then fed a 200 gm meat meal. Hidd 
samples were drawn at frequent intervals and HP còllec- 
tions were made every 15 minutes during the subsequent: 3 
hours. — 

The dogs were then subjected to antrectomy ene 
sodium pentothal anesthesia. The antrum was defined in“ 
each dog at laparotomy. A distal gastrotomy was performed | 
and the acid-secreting area of the stomach was outlined: 
with pH paper 15 minutes after the subcutaneous eon . 
of 50 mg of Histalog. The entire antrum was excised, along.” ` 
with a 1 cm margin of acid-secreting mucosa. The distal 
line of resection was the pylorus. Dogs were randomly 
divided into two groups; in one group, gastrointestinal 
continuity was restored by means of a Billroth I gas- 
troduodenal anastomosis, and in the second group a 
Billroth II gastrojejunostomy was performed. Three weeks 
after antrectomy, food studies were repeated. 

Three to five days after the food studies, four of the dogs 
with a Billroth I anastomosis and five of the Billroth II dogs 
were again anesthetized and underwent bilateral truncal 
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vagotomy. Three weeks later, food studies were =gain 
repeated. 

To secure more information on the effect of antrecomy 
and vagotomy on basal gastrin, four additional slood 
samples'v wére taken from each dog preoperatively, after an- 
trectomy. : ‘and ‘after vagotomy. 

Acid‘ Gufput, expressed as milliequivalents (mEq)/15 
minutes, was:calculated by measuring the amount of azid in 
a 1 ml aliquot of HP secretion which was titrated withD.1 N 
NaOH, using phenol red as indicator. 

Serum gastrin was measured by radioimmunoassay? The 
antigastrin antibody used was developed in rabbits tə syn- 
thetic human gastrin I (amino acid residues 2-17 con- 
jugated to bovine serum albumin. All samples were assayed 
in duplicate; reproducibility was within +10%. The a- erage 
of the duplicates was used. Gastrin concentrations zre ex- 
pressed in picograms (pg)/ml. Integrated gastrin reszonses 
‘ to food were calculated from the product of the meanserum 
gastrin level: during each time period after feeding mul- 
tiplied times the number of minutes in the study mirus the 
product of mean basal gastrin level and the numer in 
minutes.” Integrated gastrin was expressed as ng-min/ml 
for the time period. Results were expressed as aritumetic 
‘4 test 
iwas used to determine significance of differences bztween 


means. Differences with p values less than 0.05 wee con- 


sidered significant. 


z — — Results 


` Pare 


Sem, gastrin levels and HP secretory responses =o food 
i — in Fig. l. Basal serum gastrin was 69 + £ pg/ml 
‘before antréctomy and 62 + 3 pg/ml after antrectony (p > 
8°05). Before antrectomy, serum gastrin rose sign ficantly 
after food to a peak of 146 + 10 pg/ml (p < 0.03) at 15 
minutes and remained elevated. After antrectom~, there 
was no significant increase in serum gastrin vali=s after 
food. l 


' Pouch „acid secretion before antrectomy rose at 105 


E E te peak of 0.54 + 0.15 mEq/15 miautes in 


response to food. After antrectomy, the HP response was 
diminished; the differences were significant (p < 0. 5) at all 
except the first collection period. 

Results of serum gastrin and HP acid measurements 
-before and after antrectomy with Billroth II anastomosis are 
shown in Fig. 2. Before antrectomy, the basal concentration 
of serum gastrin was 79 + 9 pg/ml; the value was 
significantly lower after antrectomy (55 + 2 pgaml, p < 
0.05). Prior to antrectomy, serum gastrin after food rose toa 
peak of 120 + 11 pg/ml and remained elevated. After an- 
trectomy, feeding produced no significant alte-ation of 
basal levels of serum gastrin. If basal values are different, 
the post-prandial gastrin levels are best compared by an 
evaluation of the integrated gastrin response.” The 180- 
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minute integrated gastrin response was 3.94 + 1.42 ng- 
min/ml before antrectomy and 1.89 + 0.74 ng-min/ml after 


_antrectomy (p < 0.05). 


HP acid secretion before antrectomy rose to a peak of 
0.51 + 0.19 mEq/15 minutes after feeding (Fig. 2). After 
antrectomy HP acid secretion was significantly diminished 
(p < 0.05). During the third hour after feeding, acid output 
increased, but the response remained significantly lower 
than prior to antrectomy. 

After vagotomy basal serum gastrin was 83 + 15 pg/ml 
with Billroth I anastomosis and 79 + 8 pg/ml with Billroth 
II anastomosis (Fig. 3). There was no significant alteration 
in serum gastrin in response to food in either group. HP acid 
responses to food in both Billroth I and Billroth II dogs were 
not significantly altered by the addition of vagotomy. 

In the additional study on the effect of antrectomy and 
vagotomy on basal gastrin, the average of four basal gastrin 
values in the Billroth I group was 71 + 3 pg/ml before an- 
trectomy and 59 + 2 pg/ml after antrectomy (p < 0.05). In 
the Billroth II dogs, the pre-antrectomy gastrin values were 
74 + 4 pg/ml. After antrectomy, the average levels were 56 
+ 2 pg/ml (p < 0.05). After vagotomy, serum gastrin levels 
were 89 + 7 pg/ml in Billroth I dogs and 85 + 4 pg/ml in 
Billroth I; both levels were. higher (p < 0.01 for both 
groups) than after antrectomy alone. 


Discussion 


These results demonstrate that antrectomy diminished 
basal concentrations of gastrin, abolished the post-prandial 
rise in serum gastrin and considerably diminished gastric 
acid secretion in response to a meat meal. When vagotomy 
was added to antrectomy, basal gastrin was significantly in- 
creased, but the previous abolition of the gastrin response to 
a meal and the diminished HP acid response to food were 
unchanged. 

Although antrectomy significantly depressed basal levels 
of serum gastrin it did not abolish them, suggesting that 
sites of extra-antral gastrin were present and were actively 
producing gastrin. Since antrectomy abolished the post- 
prandial rise of gastrin (kinetic gastrin) but decreased only 
slightly the basal levels (static gastrin), it may be that the 
antrum is chiefly responsible for kinetic gastrin (that is, gas- 
trin released in response to food) and the small bowel for 
static (or basal) gastrin. Yalow and Wu” found that big big 
gastrin was a major component of unstimulated (static) gas- 
trin, and Yalow” found that big big gastrin was not released 
by feeding. It may be that in dogs at least, the antrum con- 
tributes the major component of kinetic, biologically active 
gastrin (presumably 17-amino acid and 34-amino.acid gas- 
trin) and the small intestine may be chiefly responsible for 
basal, non-biologically active levels (presumably chiefly big 
big gastrin”. The rise in basal gastrin after vagotomy 
suggests that the vagus influences mechanisms for the 
release or catabolism of extra-antral gastrin. 
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Fig. 1. Basal and post- 
prandial serum gastrin and 
Heidenhain pouch acid 
values in six dogs befare and 
after antrectomy with gas- 
troduodenostomy (Billroth 
1). Pre-antrectomy acid 
values are shown by the 
open bars and post- 
antrectomy values are 
shown by the striped bars. 


Fig. 2. Basal and post- 
prandial serum gastrin and 
Heidenhain pouch acid 
values in six dogs before and 
after antrectomy with gas- 
trojejutiostomy {Billroth I). 
Pre-antrectomy acid values 
are shown by the open bars 
and pcestantrectomy values 
are shown by the striped 
bars. 


i50 
140 
120 
IOO 
SERUM 
GASTRIN 
pg/mi 80 
60 
40 
140 
120 
lOO 
SERUM 80 
GASTRIN 
pg/ml 
40 


ANTRECTOMY AND VAGOTOMY 


— Pa aa OQ trteencenenenes 1 ee, 
J ad l | _ 
4 POST-ANTRECTOMY 
FOOD 


-30 T "90 


MINUTES 





i nenanenacanurpaososcenrenavooennt 7 


193 


tés 
— 


| PRE-ANTRECTOMY — 
— 
— ppa i 
Qeesscerssannene a teneo.. i cl TE 9 
o POST- ANTRECTOMY 
FOOD 
h, 
z A G 
G, TE 
Pad l Ul $ yy ZY Yj Y 
120 150 180 


— 


04 mEq; . 
AS min 


Q2 


194 


i20 
100 


80 ewes nconnny 


seERuM 8° 

GASTRIN - 
Jel. 

Pam 66 


FOOD 
40+ 


MINUTES 


* 


` The half-life of gastrin, both exogenous" and kineic en- 
, .dogenous,’ is known to be short. Catabolic mechanisms 
which probably contribute to the short half-life hav: been 
identified in the fundus of the stomach,’ the small dowel? 
and the kidney;® basal concentrations of gastrin exe ap- 
; parently not affected by transit of these organs” as reelected 
<by the prolonged half-life of big big gastrin (9* min, 
Yalow”) 
<+}, Extra-antral gastrin is known to exist within the gastric 
tindig? small bowel*’* and pancreas." In mar, high 
+ concentrations of gastrin have been found in the poamal 
E “small bowel, especially within the proximal duodenum.* 
X Gastrin can be released from the proximal duodenum and 
“jejuni in dogs by locally applied agents,? bit the 
: 2 e of release are not well understood. If taey are 
_. under the same stimulatory and inhibitory controls that are 
“known to influence the release of antral gastrin, it is cifficult 
te understand why food, the most potent physiologicreleas- 
X “ing ‘agent for antral gastrin, failed to elicit increasec. levels 
~ `of serum gastrin after antrectomy. 
. Abolition of the post-prandial rise in serum gastri by an- 
= % ‘trectomy indicates that the proximal intestine dces not 
‘“‘make a major contribution to post-prandial increases in 
‘serum gastrin in dogs although it seems clearly to cocur in 
man.'*:!°!8 This suggests a most important :pecies 
difference in response to feeding. Recent studies ir dogs” 
have shown that the post-prandial rise in serum gestrin is 
lowered by truncal vagotomy. This contrasts strongly with 
the findings in man in whom a marked post-prancial rise 
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After antrectomy 
and vagotomy 


— 5 dogs - BIL 

a Fig. 3. Basal and posi- 

prandial serum gastrin and 
Heidenhain pouch acid 
values after antrectomy and 
vagotomy in five dogs with 
antrectomy and gastro- 
jejunostomy (B II) and four 
dogs after antrectomy and 
gastroduodenostomy (B I). 
Acid values in vagotomized 
dogs with antrectomy and 
Billroth I anastomosis are 
shown by the open bars and 
acid values in vagotomized 
dogs with antrectomy and 
Billroth H anastomosis are 
shown by the striped bars. 


in serum gastrin was recorded after vagotomy and pylo- 
roplasty.! The role of the vagus in controlling the release 
of gastrin in man may be importantly related to these . 
species differences. Studies in man have suggested that 
truncal vagotomy causes significant post-prandial gas- 
trin release from extra-gastric sites.” The present studies 
show clearly that this is not true in dogs since vagotomy 
following antrectomy did not influence the postprandial 
levels of serum gastrin. In other studies in dogs with dener- 
vated antral pouches,” vagal stimulation by sham feeding 
or insulin-induced hypoglycemia did not appear to release 
detectable amounts of extra-antral gastrin. 

Antrectomy greatly diminished the HP acid output after 
food in the Billroth I dogs and nearly abolished it in the 
Billroth Il group. The difference presumably is due to 
duodenal inhibitory mechanisms (secretin and others) 
which are operative in dogs after gastroduodenostomy and 
are presumably lost in dogs with gastrojejunostomy. In 
man, it has been suggested” that the serum gastrin response 
to food is lost in antrectomized patients with a Billroth II 
anastomosis but that the response ‘persists in Billroth I 
patients. Another study, however, has reported significant 
increases in gastrin levels in post-antrectomy patients with a 
gastrojejunostomy. There was no difference in the present 
study in the serum gastrin levels (basal and post-prandial) in 
the Billroth I and Billroth II groups. 

Vagotomy after antrectomy caused no change in the 
previous greatly reduced HP acid output after food. This 
finding is different from that of Middleton and coworkers" 
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who found that vagotomy increased the HP acid output in 


‘gastrectomized dogs. The reason for the difference is unex- 


plained. 
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“Bevel Determinants of Cardiac Output During 
Experimental Therapeutic Hemodilution 


JOSEPH S. CAREY, M.D. 


“With the technical assistance of Clarence Moore, Herbert Lundberg, 


In 20 dogs, blood loss of 20 ml/kg during thoracotomy was 
: “7 immediately replaced with 40 ml/kg of 2.5% dextrar40 or 
dextran-70 in saline. An immediate rise in blood wlume, 
‘associated with a decrease in hematocrit and blood. vizcosity, 
produced ‘a marked rise in cardiac output. This effect was slightly 
_ greater with dextran-40. During the first four hours after infu: 
sion -of dextran-40, both blood volume and cardiac output fell 
below.control levels. Blood volume and cardiac output remained 
‘at or near cont¥ol levels.during this period in the group rec eiving 
“dextran:70. In both groups, blood viscosity and hénatocrit 
-remained ` low throughout the study, but cardiac output in- 
“ ctedsëd`only in response to an increase in blood: volume. Twen- 
_ty-fourk: “hours after infusion of either dextran-40 or dext an-70, 
“hematocrit . had ‘decreased’ further, presumably dae to 
postoperative blood loss while blood volume and cardiac output 
remained: -at or near control levels. During isovolemic her odilu- 
tion ’<in®.this experimental setting, cardiac output responded 
primarily to changes in blood volume rather than blood -iscos- 


E _ ity. “Therefore, decreased oxygen availability during her odilu- 


* Hon was n only by a rise in oxygen extracticn. 


-N UNTREATED HEMORRHAGE, normal cardiac outpu may 
be -restored at a subnormal blood voluma by 
“physiological” hemodilution.? During the first 24 hours 
bea Het blood loss, plasma protein and extravascular fluid enter 
“the circulation ‘by transcapillary refilling, reducinz the 
hematocrit as plasma volume rises. The resulting hemadilu- 
tion causes reduced blood viscosity and decreased va:cular 
resistance, thus increasing venous return. Cardiac cutput 
returns to normal, although blood volume may remain 
below control levels.? 
© Therapeutic hemodilution represents at attemot to 
achieve this compensatory state in the immediate post- 
hemorrhage period: by replacing lost volume with pl.sma- 
expanding solutions. Drucker and associates’ showec that 
therapeutic hemodilution was not associated with a sznifi- 
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cant oxygen debt, despite the reduction in ‘direulating red 
cell mass. Numerous studies performed subsequently 
showed that cardiac output rose above control levels dur- 
ing acute hemodilution, presumably due to a decrease in 
systemic vascular resistance."**° Increased cardiac output 
associated with decreased Rear resistance has also been 
noted in chronic anemia. Studies performed in this 
laboratory have revealed that immediate restoration of 
blood volume by plasma expanders after hemorrhage caused 
a marked rise in cardiac output, decreased blood viscos- 
ity and decreased vascular resistance.’ Cardiac output 
decreased below control lévels, however, as blood volume 
decreased during the first two hours after infusion. The 
decrease in blood volume was related to the use of dextran- 
40 (2.0% in saline) or saline for volume expansion. These 
solutions rapidly leave the intravascular compartment : after 
infusion. . 

In earlier studies® a 2.5% solution of dextran-40 in saline 
was found to adequately support the circulation for two 
hours after hemorrhage, when given a volume equal to 
twice the blood loss. The use of a 2.5% solution of dextran- 
40 in saline allows the infusion of adequate crystalloid to ex- 
pand the extracellular space, and adequate colloid to main- 
tain intravascular volume. This concentration also keeps the 
dose of dextran-40 below I gm/kg. Doses higher than 1 
gm/kg have been associated with increased bleeding during 
surgical procedures. : 

The present studies were intended to expand our previous 
observations by comparing the effects of 2.5% dextran-40 
and dextran-70 for 24 hours after their substitution for blood 
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Fic. 1. Hemodynamic changes after substitution of acute blood loss (20 
ml/kg) with 2.5% dextran-40 or dextran-70 (40 ml/kg). Open circles = p < 
.05. Each line represents the mean of ten experiments 
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loss. The larger average molecular weight of dextran-70 
solutions would be expected to maintain blood volume more 
nearly at control levels, thus providing an opportunity to 
observe the hemodynamic effect of normovolemic 
hemodilution over a longer period of time. The studies were 
performed in anesthetized thoracotomized dogs in order to 
study the effect of therapeutic hemodilution in a simulated 
surgical setting. 


Methods 


Healthy mongrel dogs weighing 15-24 kg were 
anesthetized with sodium pentobarbital. Light anesthesia 
was maintained during the study periods. Polyethylene 
catheters were placed into the right atrium through the 
jugular vein and into the aorta through the femoral artery. 
Thoracotomy was performed in the right 5th intercostal 
space using sterile operative technique. Catheters were 
placed into the left atrium through a pulmonary vein and 
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into the pulmonary artery thrcugh a branch of the right 
main pulmonary artery. Ventilation was controlled with an 
endotracheal tube and a Harvard respirator. After each 
sampling period, the lungs were gently re-expanded in 
order to avoid atelectasis. ee 

After a 80 minute control period, the animals were rapidly 
bled 20 ml/kg of body weight. During the next 30 
minutes, blood loss was replaced with 40 ml/kg of either 
2.5% dextran-40 or 2.5% dextran-70 in saline.. Ten ex- 
periments were performed with each solutioti::Gardiac out- 
put, intravascular pressures and arterial and mixed venous 
blood gases were measured three times during the control 
period, immediately after bleeding and at 15, 30, 90, 150, 


210 and 270 minutes after bleeding. The chest was closed _ 
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Fic. 2. Hemodynamic changes after substitution of acute blood loss (20 
ml/kg) with 2.5% dextran-40 or dextran-70 (40 ml/kg). Open circles = p < 
.05. Each line represents the mean of ten experiments. 
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Tase 1. Hemodynamic and Metabolic Data 
- Variable Group Control 
Cardiac Output (ml/kg/min) D-40 180 +11 
l l D-70 159 +16 
Total Blood Volume (ml) D-40 2005 +104 
D-70 2065 + 87 
Hematocrit (%) D-40 45 +1 
. D-70 44 +2 
Central Blood Volume{m!) D-40 391 +29 
— oe D-70 436 +48 
Right Atrial Pressure (mm Hg) D-40 10.4<+ 2 
o D-70 8.0 2 
Left Atrial Pressure (mm Hg) D-40 12 +2 
* D-70 10 4+2 
Pùlmonary Artety ee (mm Hg) D-40 27 +3 
D-70 24 +3 
Poonia Vascular Raana D-40 5.5+ 0.9 
(mm/Hg/L/min) D-70 4440.5 
Systemic Arterial Pressure (mm Hg) D-40 158 +5 
— D-70 161 +7 
_ Systemic Vascular Resistance D-40 53 25 
(mm/Hg/L/niin) D-70 47 = 
Stroke Volume Index (ml/kg) D-40 0.8 = 0.08 
l ex D-70 0.9 — 0.08 
Heart Rate (beats/min) D-40 171 z9 
D-70 186 =8 
Total Cardiac Work (Kg-M/min.)°° D-40 8.0-0.8 
D-70 9.8 = 1.0 
Actual Viscosity? °° D-40 6.8 = 0.3 
Centipoise 23 sec —1 D-70 6.2 = 0.4 
„Corrected Viscosity” °° D-40 6.8 = 0.3 
Centipoise 23 sec. —1 D-70 6.2 = 0.4 
Base — (meq/ L) D-40 —7.6 £1.1 
A D-70 —6.4 £1.3 
— Consumption (ml/kg/min) D-40 56 0.6 
D-70 6.0 +0.9 
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Bleeding 15 l 30 
54 +7°° 137 +11 234° 17°° 
72 +10°° 188 +28 270 + 28°° 
— — 2385 + 120°° 
2355 +160% . 
47 +2 33 +2°° 26 +2°° 
45 +2 33 +2°° 30 +2°° - 
279 +23°° 365 +17 467 +29°° 
831 +4577 465 + 60 540 +64°° 
9.6 + 2° 10.8 + 2° 11.642 
tot 2° 81+2 9.3 + 1° 
12 +2 13 +3 15 +4 
10 +3 10 +38 13 +3°° 
2L E2? 26 +3 30 +3°° 
20 +3° 25 +3 29 4+8°° 
9.4+2.4° 9.0 + 4.7 3.2 + 0.5°° 
6.6 + 0.9° 3.6 + 0.4 2.6 + 0.3°° 
My, 12" 157 5 1638 +7 
129 + 14° 158 +6 168 +5° 
91 +7°° 50 +5 30 +3°° 
8&3 +10°° 41 45° 30 +4*°° 
0.4 + 0.04°° 0.9 + 0.07 138 +0.10°° 
0.4 + 0.05°° 1.1 0.13 1.4 + 0.13°° 
158 +18 159 +8’ 176 +7 
181 +11 74 6° 188 +6 
2.7 + 0.5°° 8.4+0.9 16.9 + 2.0°° 
3.9 + 0.9°° 11.4 + 2.0 18.8 + 2.2°° 
— — 3.5 + 0.3°° 
4.1+0.4°° 
— — 6.9+0.3 
7.1 + 0.3° 
=DE Lo ~9.5 + 1.0 —9.7+0.8°° 
—T.7T+0.9° -9. + 1.0°° —9.3 + 1.0°° 
4.1 + 0.6° 5.6 + 0.6 6.5 + 0.9 
4.7+2.6° TOIS 8.3 + 1.0°° 





Ae — ‘expressed as mean + standard error for cach groxip. 
Dag). = ; Dextran — 40; D-70 = Dextran — 70. 


iH Age tua Viscosity = viscosity of unmodified whole blood. 
gh ft Seorrected Viscosity = viscosity of whole blood after res ꝓration to control hematocrit value. 
a 


Sere ae ae . . 
_,, two hours after bleeding and the animals were allowed to 
p , Tecover 4 hours after bleeding. Blood volume anc blood 


~. viscosity were determined during the control period and at 
yhourly intervals during the first four hours after 


u hemorrhage. Blood removed for sampling was carefully 


‘replaced’ using blood removed at the time of hemorzhage. 
_ Twenty-four hours after being bled the animal: were 
again anesthetized and placed on controlled ventilaticn and 


`> all measurements were repeated. 


_*Pressures were monitored electronically with transcucers 


. and a photographic recorder. Cardiac output was deter- 


: “mined by dye-dilution technique using indocyanine green 
as the indicator. Arterial blood withdrawn during mesure- 


ment of cardiac output was reinfused. Samples for blocd gas 


determination were withdrawn from the aorta and the 


pulmonary artery. Arterial and venous pH, PO, and CO, 
were determined on an Instrumentation Laboratory lood 
gas analyzer. Base excess was determined from the 
Siggaard-Andersen nomogram. Oxygen content was ceter- 


mined from the PO, oxygen saturation, and the 
hemoglobin concentration (as estimated from the 
hematocrit). Oxygen consumption was determined by mul- 
tiplying the arteriovenous oxygen difference by the cardiac 
output. Blood volume was determined from the dilution of 
radioactive iodinated serum albumin (5uc) with a semi- 
automated blood volume computer. Whole blood viscosity 
was determined on a Brookfield cone-plate viscometer. Car- 
diac output curves were manually digitized and cardiac out- 
put and mean transit time were calculated off-line by com- 
puter from standard formulas. Central blood volume and 
other hemodynamic variables were calculated by including 
appropriate options (heart rate and intravascular pressures) 
in the computer program. Total cardiac work (TCW) was 
calculated by determining pressure and kinetic wock for 
each ventricle as previously descirbed. The technique and 
accuracy of these methods have been described in previous 
publications.*° : 
Statistical analysis was performed by calculation of the 
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1.1 +0.10°° 
185 +7° 
197 +6° 

10.5 + 1.2°° 
14.9+2.1°° 
4.24+0.8°° 

4.4 + 0.8°° 

6.6 + 0.8°? 

7.240.4°° 
~9.4+0.9°° 
—8,4 + 0.9° 

5.2+0.5 

7.8 + 1.2° 


51 +6 
0.6 + 0.06°° 
0.9 + 0.10 
183 +8 
186 +8 
718410 
10.7 4 1.4 
4.6 +0.2°° 
4.5+0.8°° 
6.6 + 0.3 
7.2 +0.5° 
-9.0 4 1.1° 
—8.0 + 0.9° 
4.6 + 0.5 
5.6 + 1.0 





Results 


‘The results are summarized in Table l and Figs. 1-6. Car- groups, but no statistically significant changes were: re- 
diac output increased markedly during infusion, as total Gorded thereafter, | * 
blood volume and central blood volume rose and hematocrit 
decreased (Fig: 1). The intital response was slightly greater fusion of dextran- 70 (p < .05), but unchanged after infusion 
in animals receiving dextran-40. During the next four hours, of dextrari-40 (Fig. 3). Systemic vascular resistance was in- 
hematocrit remained approximately 25% below control itially decreased after infusion by ‘approximately. 40% in . - 
levels. Total blood volume and central blood volume re- both groups, then rose ebove control levels two to four- 
turned to control levels within two hours after infusion of hours later. Twenty-four hours after infusion, systemic ` ` 
the dextran-70. In animals receiving dextran-40, however, artèria] pressure and resistance were slightly decreased in 
both total volimeé and central blood volume were slightly both groups. 
decreased (p <:.05) at this point. Two hours after infusion, 
cardiac output returned to control levels in the dextran- 70 similar ‘to changes in cardiac output, while heart rate 


group, but in the dextran-40 group cardiac’ output was remained: at or hear control levels throughout the study 
decreased (p < .05). Twenty-four hours after infusion, car- (Fig. o i | 
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Hours Postinfusion 


3 4 24 ` 
97 410° >- 89 +10°° 115 +18. 
144 +17 1440 +17 160 +15 
1705 + 86°° 1770 +97°° 1730 + 109°° 
1900 +109 1890 +117° 1800 +117°° 
34 +42°° ‘85 +2°° 381 42°° 
381 +42°° 88 +1°° 2 1°? 
358 +49 349 +53 311 +82°° 
398 +55°° 376 +47°° 400 +34 
12.0+2° 12.9 + 2° 10.0 +2 
8.442 8.6 + 2 TA $2 
17 +8°° 17 +4° ll’ +5 
15 +4°° 17 +8°° 6 +2 : 
27 8 26 +2 23.45 
27 +38° 27 +83° 17 +1° 
6.1418 5.1 + 2.0 4.5 + 0.8 
3.7 +0.4 3.5 409.5 3.3 + 0.7 
165 +7 160 +8 ~ 140. +8° 
173 +7° 173 +5° 187 - +5°° 
80 +18° 81 +10°° 51-45 
57 +7° 58 6° 39 +4" 
0.5 + 0.06°° 0.5 + 0.06°° 0.7 + 0:08 
0.9 + 0.13 0.7 + 0.08 11+0.11° 
188 +9% 188 +9° 180 +7 
187 +8 190 +7 152 +7°° 
' 6.140.9°° 5.3 +0.9°° 5.8 + 0.9° 
9641.3 . 8.9+0.9 8.4 +09 
4.5 +0.2°° 4.6 + 0.3°° 44+0.4°° 
4.8 + 0.3°° 5.040.4°° 3.5 +0.2°° 
6.4 + 0.3. ` 5.9 40.6 6.5 + 0.8 
7.0 + 0.8° 7.6=0.5° 6.7 + 0.4 
—9.04+1.2 —8.2 + 0.7 -5.5 0.6 po 0 
—8.4 + 0.7 —8.0 + 1.0° 7.6 09A iE a 
45+0.4° 4.0+0.5° 4340.5 ci p 
6.5412 6.7+1.6 6218 fru. 


mean, standard deviation, and standard error for the com- diac output returned to control levels in both groups 6 while — 
bined results obtained in each group of dogs. The hematocrit and total blood volume were decreased,’ — 
significance of the results was determined by calculating the Ain 
t value for the mean change observed at each sampling creased after infusion in both groups, remained elevated: for — 
period as it compared to the mean of the three control the first four houirs and returned to control levels 24. hoiirs a 
samples. : 


Right atrial, left atrial and pulmonary: -artery pressures — J 


after infusion (Fig. 2). Pulmonary vascular resistance was: * . 
40% below control levels immediately after infusion in both 


Systemic arterial pressures were slightly elevated after in- 


Changes in stroke — and total — work were 


sae 4 
“9 aor x ae q 
Ze Pee — ne 
s nA i X y Ru ip ia 





Bleeding SYSTEMIC ARTERIAL PRESSURE 
DEXTR N-40 
me Infusi — — — DEXIRAN-70 
‘Infusion 
oe meg o 
— Rs 1ü a eee a 
—— — ON S 


PERCENT CHANGE 






SYSTEMIC VASCULAR RESISTANCE 


— — O 


PERCENT CHANGE 
/ 
⸗ 
/ 
on 
) VA 


HOURS 


Fic. 3. Hemodynamic changes after substitution of acute blood loss (20 


y ml/kg) ) with 2.5% dextran-40 or dextran-70 (40 ml/kg), Open circes = p < 


05. Each line represents the mean of ten experiments. 


SWhole blood viscosity decreased by 32% after infr.sion of 
dextran-70 and 48% after infusion of dextran-40 (ig. 5). 
-Whole blòod viscosity rose slightly during the fist four 
hours after infusion, but remained significantly decreased in 
both groups.® Viscosity at corrected hematocrit (hematocrit 
restored to control level) increased significantly after infu- 
. siop “of -dextran-70, but remained at control levels in the 

_dextrain- 40 group. 
Base excess decreased slightly (p < .03) after infu ion in 
‘both groups (Fig. 6). Base excess remained slightly decreased 
in the dextran-70 group, but rose 24 hours after irtusion 
of dextran-40. Oxygen consumption increased transiently 
y after. infusion of dextran-70 (p < .05) but remainec at or 
“néar., control. levels thereafter in both groups. 


: My y Ehe: rélationship of cardiac output to hematocri and 


* i blood. -volume was tested by regression analysis All 
measurements of cardiac output during isovo.emic 
` -Hemodilution (blood volume 10% of control) were pbtted 
“against hematocrit (Fig. 7.). In spite of marked decrea es in 
hematocrit, little change in cardiac output was observed. In 


"+ particular, the graphs show few measurements significantly 


_ above thé zero point for cardiac index. Changes in Elood 
~ volume, however, correllated well with changes in ca diac 
output (Fig. 8), particularly in animals receiving dextran-40. 


Discussion 


Acute hemodynamic studies have indicated that in- 
creased cardiac output compensates for the reduction in 
arterial oxygen content caused by hemodilution.***? Ir ad- 
dition, Messmer and associates’® have reported that ti:sue 
metabolism of oxygen has not been impaired. Thus, it has 


CAREY 


Ann. Surg. + February 1975 


been assumed that replacement of blood loss with plasma 
expanders caused no reduction in oxygen availability to the 
tissues. Experimental and clinical data from our laboratory, 
however, have indicated that blood volume deficits may oc- 
cur several hours after replacement of blood loss with 
plasma volume expanders.” 

The present studies represent at attempt to find a satisfac- 
tory method of inducing hemodilution in a simulated sur- 
gical setting. In previous studies, dextran-40 was only tem- 
porarily effective because of its transient volume expanding 
effect. Increased blood loss was also associated with its use 
in our clinical studies.2 This problem was unexpected, 
because the dose of dextran was limited to less than 1 
gm/kg, a dose not associated with measurable changes in 
coagulation studies. However, it is likely that the physical 
effects of hemodilution (decreased blood viscosity, increased 
capillary flow) and the anti-platelet-adhesiveness effect of 
dextran-40 combine to cause increased blood loss in the 
presence of open wounds. In the present studies, both 
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Fic. 4. Hemodynamic changes after substitution of acute blood loss (20 
ml/kg) with 2.5% dextran-40 or dextran-70 (40 ml/kg}. Open circles = p < 
.05. Each line represents the mear. of ten experiments. 
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Fic. 5. Changes ih whole blood viscosity (“actual viscosity” ) and viscosity 
of blood restored to control hematocrit (“corrected hematocrit’). Open 
circles = p < .05. Each line represents the mean of ten experiments. 


dextran-40 and dextran-70 were associated with 
moderate blood loss during the first 24 hours after infusion: 
hematocrit dropped from 35 to 31 in the dextran-40 group, 
and from 33 to 26 in the dextran-70 group, during the first 
24 hours without change in total blood volume. In spite of 
the fact that hemodynamics were somewhat better in the 
dextran-70 group, there was little noticeable difference 
between the groups in their ability to tolerate the 
procedure. 

The immediate hemodynamic effect of blood substitution 
by dextran is a marked rise in cardiac output, associated 


ACL +-24.59- 2.58 HCT 
r 20.524 
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Fic. 7. Correlation of the 
changes in cardiac index 


with the change in hemato- — 
crit during isovolemic hemo- INDEX 
dilution. (Blood volume +  mil/min/kg 
10% of control) (Left) Dex- 
tran-40. (Right) Dextran-70. 
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Fic. 6. Metabolic changes during therapeutic hemodilution. Open circles k 
= p < .05. Each line represents the mean of ten experiments. p<” 


a 


with reduced blood viscosity and vascular resistances. Blood. 
is shifted to the central circulation, as indicated by a rise in 
central blood volume and increased atrial and pulmonaty 
artery pressures. The cardiac output rise is a Starling 
response as indicated by a rise in stroke volume arid cardiaé ‘ 
work with no change in heart rate or systemic arterial 
presstire, Although both dextran-40 and dextran-70 reduced ) 
blood viscosity by hemodilution, viscosity of whole blood at.: - 
corrected ‘hematocrit was significantly above control after 
infusion of :dextran-70. This observation might be of 


Acc = 39,85 + 2.29 HCT 
r «0.327 


p «NS 


A 
GARDIAC 
INDEX 
mi/min/kg 





-20 -10 O 
A HEMATOCRIT 


=530 


902. CAREY Ann. Surg. « February 1975 


ACI 274 +0088 Arv 
r #0.505 
. bl 


_ ACT 19.9 +0.184 ATSV 
` r aQ778 
pac QI 


hi Fic. 8. ‘Correlation of the 

‘ change in cardiac index with 

: CARDIAC the change in blood volume 
AVE during therapeutic hemo- 


dilution. (Left) Dextran-40. 
(Right) Dextran-70, 
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significance T if dextran-70 were infused over several creased cardiac output, oxygen consumption is maintained 
days'at a normal hematocrit, thus allowing higher lecular only by increased òxygen extraction. Patients with reduced 
weight fractions of dextran to accumulate. ` oxygen availability might develop a systemic or regional ox- 
Total oxygen consumption was adequately maintzined by ygen debt (particularly in areas of reduced flow) if oxygen 
this method’ of: hemodilution. However, after the initial extraction does not adequately increase during blood sub- 
_/ overshoot, cardiac output returned rapidly to control levels stitution with plasma expanders. 
in spite of the maintenance of hemodilution and (in -he case 
of dextran- 70) normovolemia. A tise in systemic ~ascular | 
* „resistance occurred during the first four hours after iafusion, l- Carey, J. S.: Cardiovascular Response to Acute Hemodilution. J. 


we although blood viscosity remained decreased. This chserva- Thorac. Cardiovasc. Surg., 62:103, 1971. 
* f 2. Carey, J. S.: Colloids and Crystalloids for Volume Replacement Dur- 
° tión suggests that vasoconstriction occurs to compersate or "ing and After Surgery. Hemodilution. Theoretical Basis and 


dhe decrease in blood viscosity: Pavek and associate " have Clinical Application. Int. Symp. Rottach- -Egern 1971. Karger, Basel, 
” épofted .redistribution of regional blood flow. afte: acute 229-246, 1972. 


8. Carey, J. $.: Physiological Hemodilution—Restoration of Normal 
Heniodilation, implying. that regional vascular resbtances Hemddyhamics and Blood Volume After Acute Blood Loss. Arin. 
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Efficacy of Intravenous Clindamycin and Methicillin 
in Gram-positive Soft Tissue Infections 


KENNETH C. CHESSICK, M.D., LINDA A. BEGLEY, R.N., B.S., LON E. CURTIS, M.D., ERWIN F. HIRSCH, M.D., 


wf 


C. WILLIAM KAISER, M.D., CHARLES A. BUREK, M.D., HARRY S. SOROFF, M.D. 


In a comparative study on a general surgical service, intravenous 


- clindamycin phosphate or methicillin was used to treat a variety 


of soft tissue infections due to gram-positive organisms, chiefly 
staphylococci. The infections were rated according to severity, 
responsible organisms, and site of the infection. Excellent or 
good clinical and bacteriologic responses were obtained with 
both clindamycin and methicillin as adjuncts to basic surgical 
therapy in these soft tissue infections. The adverse effects of 
each drug were detailed, and were comparable. Clindamycin 
phosphate is a satisfactory substitute for methicillin in soft tissue 
infections secondary to gram-positive organisms. 


OFT TISSUE INFECTIONS of the extremities are com- 
S mon and significant causes of morbidity. The infecting 
organisms are commonly staphylococci and streptococci 
which gain access to the subcutaneous tissues following 
trauma. Most staphylococci, including coagulase-negative 
strains, are resistant to penicillin G, and alternate therapy 
with a penicillinase-resistant penicillin or another drug is in- 
dicated. 

Clindamycin,” an analog of lincomycin, displays greater 
activity than lincomycin against Staphylococcus aureus and 
other gram-positive pathogens in vitro.°""It acts by in- 
terfering with protein synthesis intracellularly and can be 
bacteriostatic or bactericidal in vitro, depending upon the 
concentration of the antibiotic and the sensitivity of the 
organism.” The drug is widely distributed in fluids and 


tissues, including bone, after administration of an oral 


dosage form.'’ Higher serum levels of clindamycin can be 


‘achieved with parenteral dosing with clindamycin 


we QW 


phosphate; this preparation is rapidly hydrolyzed to clin- 
damycin in vivo." 


Submitted for publication June 18, 1974. 

All correspondence: Kenneth C. Chessick, M.D., 316 South Line Ave., 
Inverness, Florida 32650. 

” Cleocin® is The Upjohn Company’s U.S. registered trademark for elin- 
damycin, which is 7(s)-chloro-7-deoxylincomycin; outside of the U. S. A. 
clindamycin is also marketed as DALACIN C® (Canada) or SOBELIN®. 
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Methicillin, which was the first of the penicillinase- * 
resistant penicillins, has become well established as an an= z 


tistaphylococcal drug in the past decade. From their phage: 
macologic properties and in vitro activity against the:usual,-: 
gram-positive pathogens, it could be predicted: ‘that - 
methicillin and clindamycin would show similar efficacy- in 
soft tissue infections due to such organisms. The purpose oft: 
this study was to compare results of treatment ‘with. in- 
travenously administered clindamycin phosphate and: . 
sodium methicillint in soft tissue infections in patients on 


a general surgical service. 


Materials and Methods l W a 


One-hundred and ten hospitalized patients give their ins’: 


formed consent in writing to enter the comparative aes 


Reasons for exclusion from the study were allergy. to . x- 


penicillin or penicillin derivatives or allergy to cliñdamycin 
or lincomycin. Patients were assigned to treatment with 
clindamycin or methicillin by use of a table of. ‘random 
numbers. The dosage of clindamycin phosphate’ ranged 
600-1000 mgt every 6 hours; methicillin dosage ee 
500-1000 mg every 6 hours. Both drugs were administered? 
intravenously. 

Sixty-nine patients completed their course of — — 
only 53 met all of the criteria for efficacy evaluations, in- 


cluding the following: admission cultures demonstrated a. 


gram-positive organism; soft tissue sites, usually. ex:’ 


f Staphcillin® (Bristol). 
| Dosages and serum concentrations in this paper are stated in terms — 
clindamycin base equivalents. 
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Taste 1. Severity of Infections in all Patients and in ‘hose Who 
Met All Study Criteria 
Clindamycin Methidllin 
Severity of All Completed All (mpleted 
Infection Patients Study Patients Study 
Mild p n z . 16 12 (87%) li 8 (38% ) 
Moderate = > > 24 19 (59%) 15 33 (62% ) 
Severe i 7 1 0 0 D 
Not rated = 2 l 0 ə 
Toal MSS 43 32 26 a 





tremities, were the focus of infection; and intraverous an- 
tibiotic therapy was maintained for four days or mere. An- 
tibiotic therapy was discontinued when the infecton was 
cured. At the termination of therapy, repeat cultures were 
_ obtained whenever possible to document bacteriologic 
response. Data from 16 patients could not be evaluated 
because their initial cultures failed to show gram-positive 
organisms or they could not complete four days of in- 
_ travenous therapy. 

Clinical laboratory determinations performed at the 
‘beginning of antibiotic therapy and again at the 2nd of 


', parenteral therapy included the following: complete blood 


* čojint; urinalysis; and measurement of serum urea nicrogen, 
sériim creatinine, serum alkaline phosphatase, and serum 
gliztamic oxalacetic transaminase (SGOT). 

‘The numbers of patients assigned to each treatment and 
he distribution with respect to severity of infection are 
showr ‘in:Table 1. The average age of the clindamycin 
; group's ‘was 48 years, and the average age of the metticillin 


i -group as 41. Of the patients completing the study. 25 in 
-thë ‘olindaryċin group were male and 7 were female, znd 13 


i in: the atnethicillin group were male and 8 were female. 
Table" 2;lists the organisms clutured from wound , and 
Urabe 3 lists the type of infection. Clinical —— was 
“ide on the basis of decrease in pain and swelling, educ- 
ston. of fever, and healing of wounds. Bacteriologic response 
“Was. detérmined by the persistance of organisms on mpeat 


be culture’ at the end of therapy. Antibiotic susceptibility was 
+ determined. ‘by disc sensitivity tests using 2-mcg clin- 


- damyein,. 2-nicg erythromycin, 5-mcg methicillin aad 2- 
mes penicillin dises." 


Results 


: As shown in Table 4, the clinical response in cases which 
cotild be fully evaluated was judged to be excellent or z00d 
in-80.of.32 patients treated with clindamycin and all n 21 
patients treated with methicillin. Eleven patients had per- 
sistent positive cultures at the end of therapy witL in- 
travenous clindamycin, and six at the end of methicillin 
therapy. The two clindamycin-treated patients whose 
clinical response was reported as poor did not show persis- 
tant organisms on followup culture at the end of therapy. 
One of these patients was a 34-year-old man who develeped 
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fever and cellulitis secondary to frostbite after 24 hours of 
exposure to cold; coagulase-negative staphylococci were 
isolated from blister material from the left foot. Fever and 
elevated white blood count persisted after 5 days of in- 
travenous clindamycin phosphate therapy. The infection 
subsequently responded to treatment with Sulfamylon 
cream. The other patient was an 80-year-old woman with a 
past history of unexplained fevers. The bone of the 8rd 
phalanx of the toe was exposed when she was admitted to 
the hospital from a nursing home, and the wound yielded 
coagulase-negative staphylococci. After 4 days of clin- 
damycin therapy, the lesion was dry, yielding no growth on 
culture, but fever persisted and the white blood cell count 
increased from 6,200 to 7,700 per cu mm. 

Ninety-six per cent of the infecting organisms isolated 
were staphylococci and 4% were streptococci. Examination 
of the disc susceptibility of the staphylococci cultured 
(Table 5) prior to treatment shows that only 4 of the 50 
staphylococcal isolates were resistant to clindamycin; 18 
were resistant to erythromycin. Of the 18 strains which 
tested resistant to methicillin, only 3 were also resistant to 
clindamycin; the other clindamycin-resistant strain was 
susceptible to methicillin. 

Thrombophlebitis developed in 6 (14% ) of the 43 patients 
given clindamycin and 8 (24%) of the 32 given methicillin. 
This was not severe with either drug. Indwelling catheters 
(Intracath) may have contributed to local irritation in some 
cases in both groups. 

Dizziness, dyspnea, and urticaria developed after each of 
two successive doses of clindamycin phosphate in a patient 
who received a total of nine 750 mg infusions. The second 
episode was also marked by wheezing. Clindamycin was 
discontinued. Three other systemic reactions in the clin- 
damycin group, considered probably not related to the 
drug, were as follows: The patient with frostbite and secon- 
dary cellulitis developed bone marrow depression several 
days after antibiotic therapy; a 9l-year-old woman 
developed microscopic hematuria; and an 80-year-old 
woman showed a drop in hematocrit. SGOT increased dur- 
ing clindamycin therapy from 62 to 130 units in a diabetic 
patient with gangrene and cellulitis of the left great toe, and 
from 42 to 190 units in a burn patient who underwent skin 
grafting during therapy. Two other clindamycin-treated 


TaBLE 2. Organisms Cultured From the Wounds of Patients Before 
Treatment in Evaluatable Cases 
Organism Clindamycin Methicillin 

Staphylococcus, coagulase-positive 17 8 
Staphylococcus, coagulase unknown 0 1 
Staphylococcus, coagulase-negative 14 12 
Streptococcus (not speciated) 1 0 
a-Hemolytic streptococcus 0 l 

Total 32 22° 


°” Coagulase-positive and RES: -negative staphylococci isolated in 
l case. 


` 


z 
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Type of Infection in Evaluatable Cases 
Clindamycin Methicillin 


Cellulitis 17 . 9 
Infected wounds 12 10 
Neck 
Hand or arm 
Foot or leg. 
Frostbite (foot) 
Abscess 
Amputation site 
Infected ulcer 
Infected gangrene 
Animal bite 
Human bite 
Burns 3 2 


TABLE 3. 


Disease - 


pet ett tet BO RY te CD ODO 
“moon 0 OO mr 


patients had increases in SGOT within the normal (45 units 
or less) range. A 73-year-old woman ‘developed a skin rash 
during methicillin therapy and the drug was discontinued 
after 8 doses. A-34-year-old man with stab wounds of the 
neck showed an increase in SGOT from 54 to 95 units dur- 
ing methicil lin therapy. 


Discussion 


Clindamycin appears to be a potent antibiotic against 
organisms commonly encountered on a general surgical ser- 
vice. Its spectrum. of activity in vitro includes most 
staphylococci, pneumococci and streptococci (except Strep- 
tococcus faecalis) and gram-positive and gram- negative 
anaerobes.” 2101118 Tt has little or no activity against gram- 
negative aerohes.i⸗ Methicillin is active against most 
pneumococci, streptococci and staphylococci, except for 
some strains of staphylococci which are resistant not only to 
methicillin but to other penicillinase-resistant penicillins 
and numerous other antibiotics. Most of the methicillin- 
resistant strains that are multiply resistant are sensitive to 
lincomycin and clindamycin in vitro. +° In our study 
96% of the infecting organisms isolated were staphylococci. 
Of the 18 strains resistant to methicillin on disc testing, only 
3 also tested resistant to clindamycin. Other laboratory 
studies would be required -to characterize these strains 
which tested resistant to methicillin and to determine their 
precise antibiotic susceptibility ae 
Studies by Carlisle and Saslaw*® showed comparable 
results with parenteral clindamycin and methicillin in ex- 
perimental staphyloccal and streptococcal infections in 
monkeys. In clinical trials, intramuscular or ‘intravenous 
clindamycin phosphate was used in 131 -patients in a study 
reported by Schumer and coworkers.” The initial pathogens 
were eradicated in 22 of 28 cases of postoperative wound in- 
fections and 11 of 14 cases of cellulitis, although not in 4 
cases of infected gangrene. Compromised circulation was a 
factor in several of the soft tissue infections that failed to 
respond. Fass and Saslaw® also reported generally good 
results with parenteral clindamycin phosphate i in soft tissue 
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infections. Kerstein* described good results in soft tissue in- 
fections in 8 patients given intravenous clindamycin 
phosphate at Boston City Hospital; these were among the 
first patients to be treated intravenously with this ‘drug. © 
A wide variety of soft tissue infections were treated in the 
comparative study on our general surgical service (Table 3). 
Despite the use of random numbers to assign -patients to 
treatment, clindamycin ` was used more often:in conditions 
less likely to benefit from antibiotic therapy, such as in- 
fected gangrene, amputations and frostbite. Nevertheless, 
the clinical and bacteriologic responses in the’ clindamycin 
and methicillin groups did not differ. ‘significantly, and 
clinical results were good in almost’ all cases. Although 
positive cultures could still be obtained at the end of 
parenteral therapy i in some cases (Table 4), the lesions were 
healing and signs of infection were abating in these cases. 
The dosages of clindamycin’ phosphate and methicillin 
used in this study were probably higher than necessary to 
achieve satisfactory ‘tissue levels, judging from the serum 
levels attainable’ with lower doses.” In testing 5 
staphylococcal strains in vitro, Wagnerova and Vacek”? 
fourid that 6-8 hours of exposure to clindamycin at the 


minimum bactericidal concentration (MBC) was needed to. 
sterilize the culture completely. The MBC was 0.78 meg /: mi 
or less in 120 of 125 strains of — the highest 


ete, wg”: 
t.: ~E 


concentrations exceeding these levels can be maintained 
readily with parenteral dosages of 300 mg clindamycin 
phosphate 8 or 4 — daily.” However, as emphasized: by” 
Sin antibiotic therapy correlations: are; 
not perfect between in vivo results and in vitro: Bugcep- 
tibilities and serum ‘antibacterial activities. Accotding to, the . 
manufacturers, the usual adult dose of Staphcillin’ is 1000 1 
mg every 6 hours, while recommended dosages ‘af ‘olin s 
damycin phosphate range from 300 mg every 12 hours. ito: — 
1,200 mg every 6 hours, depending upon the severity ofin: : 


Carlisle and Saslaw,°: 


fection and sensitivity of the infecting organism. 


The patients receiving clindamycin phosphate — É 


enced fewer local. reactions (thrombophlebitis). than those . 


receiving methicillin in our study. One methicillin- treated - — 


Tasik 4. Clinical Response, Bacula Response, ind Dura 
of Fever in — and Methicillin Treated Patients .. 


i Clindamycin Methicillin x 
(32 Patients) (21 patent) 
Clinical Response — 
Excellent 18 7) o e 
brow > (100%) 
Good 12 I5) 7 te 
Poor 2 0 — 
Bacteriologic Response l 
Oganism eradicated 21 (65%) 15 (71%) 
Organism not eradicated 11 6 
Duration of Fever (Days) 
Mean 1.09 Ls 
Range 0-5 0-4 


* 
« %* 
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TABLE 5. Antiotic Sensitivities of Organisms Cultured 


206 

Organism Clisdamycin 
Staphylococcus, coagulase-positive 22/24 
Staphylococcus, coagulase-negative 22/24 
Staphylococcus epidermidis 272 
a-Hemolytic strepotococcus 1/1 
Streptococcus (variant sp) 0/1 


* 


patient — a rash. In one clindamycm-tteated 


` patient the drug had to be discontinued because oz systemic 
‘reactions marked by dizziness, dyspnea and urticaria. The 
bone marrow depression, hematuria and drop in h=matocrit 
noted in one patient each in the clindamycin group were 
probably not related to clindamycin therapy. Ele-ations in 
SGOT may have been drug-related; such elevatzons have 
been reported previously during oral or parenteral clin- 
damycin therapy in patients with infection.*’*"! However, 
DeéHaan et al.* compared the incidence of SGOT elevations 
in 210 normal volunteers, half of whom received bral clin- 
. ‘damycin and half, placebo. There was no statistical y signifi- 
. ` cant-difference between drug- and placebo-treatec subjects 
», in, the! frequency of SGOT elevation. 
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Stricture of the Anorectum in Crohn’s Disease 
Involving the” Colon ` 


ADRIAN J. GREENSTEIN, M.B.B.Ch., F.A.C.S., F.R.C.S.,* DAVID B. SACHAR, M.D., FAC. P., FACG.f 


Crohn’s disease involving the colon was complicated by 
anorectal stricture in 12 of 160 patients (7.5%). The clinical 
features of these 12 patients have been evaluated and compared 
with 148 control] patients. The average interval from onset to 
development of stricture was 14 years, which contrasts with ul- 
cerative colitis in which a significant proportion of strictures 
develop during the first attack. These anorectal strictures were 
of a diaphragm-like or of annular or tubular variety and resulted 
from transmural and submucosal inflammatory disease, perianal 
sepsis, and post-ileostomy atrophy. They were clearly associated 
with multiple complex perianal fistulae (83%), and proximal 
radiological narrowing or stricture (83%). There was no associa- 
tion with intraabdominal abscess, internal fistulae, or ex- 
traintestinal manifestations. Two of 12 patients required sur- 
gical diversion because of severe narrowing. The clinical, 
radiological, and pathological features of anorectal strictures oc- 
curring in Crohn’s ileo-colitis have'been compared with stric- 
tures occurring in other forms of inflammatory bowel disease. 


ECTAL INVOLVEMENT is the rule in ulcerative colitis, 
whereas in Crohn’s disease of the colon the rectum is 
spared much more frequently, with macroscopic disease in 
only 40-50% of cases. %7? Microscopic disease may be pres- 
ent more frequently.* Because the rectum is of a com- 


. paratively large diameter compared to other areas of the 


bowel, the development of significant narrowing is rela- 
tively infrequent and true strictures rarely progress to clini- 
cally apparent obstruction. 


Clinical Material 


During 1944-1978, 160 patients classified as non-specific 
colitis, and excluding ulcerative colitis were admitted to the 
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Ward and Private Services of the Mount Sinai Hspital: 
Only those patients who fulfilled our diagnostic. ecitéria. 
were studied. All indeterminate cases were excluded: One , 


hundred and sixty patients, 30 with granulomatous colitis’ ` 


and 130 with ileocolitis, were available for analysis, There” 
were 12 patients with anorectal strictures... (fòure; With. 


granulomatous colitis and eight with ileocolitis);: for” tom- E, 


parison with a control series of 148 patients. P i 

The diagnosis of granulomatous disease was based: ‘Be ae 
criteria elaborated in detail by Lockhart-Mumimery... ‘and: 
Morson,” Lindner, Marshak et al.,'® Korelitz et ali” and 
Cook and Dixon.? The final selection of cases was made ac- 


cording to the standard criteria enumerated in another 
publication." The major features required for the diagrosis  ... 
of Crohn’s disease included radiological, pathological or en-- * 


doscopic evidence of deep transverse fissure formation: or 
fistulization; | asymmetrical mucosal involvement; 


aggregated inflammatory pattern, confluent linear ulcera- ae 
tion; discontinuity or segmental disease; right- sided: in.” 
rectal sparing; non-caseating epithelioid: 


volvement; 


* 


granulomas of the submucosa, skin or lymph nodes; and.: 


transmural inflammation. All indeterminate cases, and 


patients in whom ulcerative colitis, 


ischemic . colitis, :* . 


amebiasis, tuberculosis, and obscure malignancy could not _ 


be ruled out were excluded from this series. 


The age of these 12 patients ranges 10-79 years (mean-38 ` ` 


years), at the time of development of stricture (Table 1). 
The duration from onset to development of significant stric- 
turing was relatively long, with a mean of 14 years. The 


mean age at the time of onset of disease was actually 23 - 


years, little different from the control series of 148 patients 
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Tasik L, Age, Sex Distribution, and Duration to Stricture Formation 
in 12 Patients with Anorectal Strictures in Crohn’s Colitis and 


Heocolitis l 
ME Colitis Ileocolitis Total 
Total N — in Series ` 30 130 160 
With ee 4 8 12. 
(18%) (6%) (75%) 
Without Stiiéiure e (Control) 26 122 148 
(77%) (94% ) (93%) 
Male: Female 2:2 3:5 5:7 
Mean Age? : 25 43 14 
Onset to Stfictureh | T: 18 14 


* At'the time of Gevelopinant of anorectal stricture. 
i Mean duration from onset of disease to time of strictur= — 


in whom, the 1 mean onset-age was 25 years. In’ patents with 
stricture; the- ‘disease commenced at approximately the same 
-age as in other patients with colitis and ileocolitis, but the 
stricture- did not develop for a period of 14 years. This 
: relatively long period contrasts with ulcerative 2olitis in 
“which 25%. of strictures occur during the first atteck.* The 
` younger age of patients with colitis when compare J with il- 
eocolitis, ‘and the shorter duration from onset of st mptoms 
to strictiiré formation are due to the presence of two young 
colitis pee with a short history. 


“g nie 


Definitions 


. ~ 


“The Slassification of anorectal stricture in the | past has left 

-> múch: to be desired, and the actual size of the le ion has 

been. very loosely defined in the many publications. The 

anatomy of the rectum and anus has been clearly described 

_ by numerous authors.®”! Strictures may be subdiviced into 

_. anal and rectal groups, accepting that the rectum com- 

È n menċes 4 cm-fromi the anal vergë, and that many strictures 
* extend: from one area to the other, 

eee ein: general, rectal strictures may be subdivided into three 


ne F tesories depending upon the underlyiũg patLogenic | 


“process: a diaphragmatic variety, a long tubular variety, and 


i * postileostomy ‘atrophy: A short diaphragmatic scricture 


xe R “resulting. frorn healing ulceration may occur in ulcerative 
` and: granulortiatous colitis and is not infrequent in ;-mebic 
proctitis.” l : 
- Strictures, may be further desid according to siverity 
as'imild, moderate and severe. Mild strictures are trensient 
x and respond rapidly to dilatation, and resolution of “he in- 
flammatory’ process. A severe stricture may be defined as 
one which is a major determinant of the natural history of 
the disease, and on occasion the indication for surgisal in- 
“tervention, as in two of our patients. 


Results 


* Wine of the 12 saene had strictures which commenced 
Yond cm from the anal verge and among these were three 
limited to the anal canal as short diaphragmatic, fforous 
strictures. The other five strictures extended into the rectum 
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as —— areas narrowing for varying distances. Three 
true rectal strictures commenced, 4, 5 and 7 cm above the 
anal verge (Fig. 1). The strictures, which were either an- 
nular (<2 cm) or tubular (>2 cm), were of varying lengths, 
and on occasion did extend all the way to the rectosigmoid 
junction, and-were associated with narrowing of the distal or 
proximal colon (Figs. 1 and 2). Thé three stricturés localized 
to the anus were narrow and would not admit more than the 
tip of the little finger. They may be characterized as being 
of the diaphragmatic variety. In the majority: a 
sigmoidoscope could not be passed until adequate dilatation 


of the stricture had been accomplished. Thereafter, a 


pediatric sigmoidoscope could be used in some patients to 
assess the-exterit of the stricture, and evaluate disease prox- 
imal to the aréa of narrowing. In some the upper limit could 
not be clearly defined. 

The symptoms and clinical characteristics of anorectal 
stricture have been compared with the control series of 148 
patients in Tables 2a and 2b. Incontinence was found in 
three of the 12 patients (25%). Other clinicopathological 
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SITE OF- 
ANORECTAL 
STRICTURES 
JH OIN 
A \2 PATIENTS WITH 

CROHNS COLITIS OR 


HA SBBAVVABALERSSRRRRAREEREAS (PPE ry 
eewbeaesaanves 





wees 
pRRARRVARREARSLBA DERIRERERDELERELLEIELILEAR ARREST IEEE REREMARE EERE EOE Caccenan se aeseaseg. 
SRDSARVWUBBEBARVVAARLAAREGESE a xxx se, è 


BE ILEOCOLITIS 
; ll=c Colitis 
— f =Iteocolitis 
RECTO- SÈI MULTIPLE 
VAGINAL Bee PERIANAL 
FISTULAE Jt. FISTULAE 
(2) —— (9) 
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or tubular 


Fic. 1. Site of anorectal strictures in 12 patients with Crohn's Colitis or il- 
eocolitis. 
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STRICTURE OF THE ANORECTUM 


Fu. 2d. 1974: Detailed spot view 
taken at same time as Fig. 2C show- 
ing fistula tracts and large complex 
chronic perianal abscess 





Fics. 2a, b. (Left) 1966: Patient with Crohn's Lleocolitis showing ileocecal 


disease and minimal involvement of distal colon (Right) 1970: Same 


patient following ileocolectomy with thumbprinting, cobblestoning and 


early fissure formation of left colon. The large perianal fistula and chronic 


abscess mav be noted 


and radiological features are enumerated in Table 3. The 
pertinent clinical features of this entity include perianal dis- 
ease, associated fibrous stricture or radiological narrowing. 
and discontinuity of disease. Associated internal fistulae. 


L974: Shows progressive narrowing of descending colon, sigmoid 


and rectum, with recurrent ileal disease proximal to the anastomosis 








and shortening of the bowel, occurred in five. and three 
patients respectively. In six of the 12 patients (50%) non- 
caseating granulomas were recognizable histologically 
Other features noted in Table 3, are, anemia in 11 patients. 
and extraintestinal manifestations in seven patients 

There was a clear association with fibrous strictures or 
radiological narrowing in the other areas of the gas- 
trointestinal tract. Thus stricture or radiologic narrowing 
was found at other sites in 10 of 12 cases (83% ) Fig. 2c and 
Table 4) with anorectal stricture. This was significantly 
different from the control series in which radiological 
narrowing or stricture at sites other than the rectum oc- 
curred in 41 of 148 patients or 28% (X? = 13.36, DF = 1. 
P = <0.001). There was in addition significant shortening 
of the colon due to cicatrising contraction in at least four 
patients. In other patients with fairly extensive involve- 
ment, shortening did not occur because of intervening nore 
mal areas 

Perianal abscesses and fistulae were characteristically 
associated with anorectal stricturing, and were found in 10 
patients (Figs. 2b and 2d). Of the two without this feature. 
one had a solitary hemorrhoidal tag and only one was com- 
pletely free of any perianal or perirectal involvement 
Perianal disease is characteristic of Crohn's colitis with 
stricture formation, and statistically 
significant difference from the incidence in the control series 
(P = 
complex, recurring, and chronic (Fig. 2b-d) It is also a 


anorectal shows a 


<0.05). When present, perianal disease is multiple. 


feature of lymphogranuloma venereum but not of amoebic 


16 


strictures 


Discussion 


Non-malignant strictures may occur in inflammatory dis- 
With the 


recognition of vascular disease involving the bowel, rectal 


ease of the bowel involving colon growing 


strictures have been described following vascular ischemia 
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Tame 2a. Clinical Features of 12 Patients With Rectal Strictures in 
Crohn's Colitis and Ileocolitis 
Colitis lleocolitis Total 
im —æ 
Total Number of Patients 4 S 12 
Perianal Disease 4 7 ll 
Toxemia/Fever 3 7 i á 
(83% } 
Diarrhea 2 7 9 
(75% 
Weight Loss 3 6 9 
* (75% ) 
Abdominal Pain 2 5 7 
(58% ) 
Abdominal Tenderness | 6 7 
~ (58%) 
Peripheral, Systemic 3 4 7 
(58% ) 
Fistulae, Internal l 4 5 
(42% ) 
Sub-acute Obstruction | 4 5 
(42% ) 
Overt Bleeding 3 | 4 
(33% ) 
Abdominal Mass — 4 4 
(38% ) 
Intro-abdominal Abscess = 3 3 
(25% ) 
Incontinence l 2 3 
(25% ) 


— — — — — — — — — 


of the more chronic variety, usually associated with sigmoid 
involvement. ™*7* 

To. clarify the various inflammatory and ischemic 
processes leading to benign anorectal stricture, we have 
tabulated various aspects of the epidemiology, character of 
the stricture, and associated extraintestinal, radiological and 
pathological findings in five conditions found to be 
associated with such strictures (Table 7). Most of these in- 
flammatory processes tend to occur in young adults. The ex- 
ception is the ischemic stricture which occurs in elderly 
patients associated with ischemic vascular disease elsewhere 
in the body, and occasionally following inferior mesenteric 
artery occlusion,” 

The long tubular stricture, characteristic of lym- 
phogranuloma venereum and found in recent cases of 
ischemic proctitis, may also be found with granulomatous 
colitis. In two patients, the stricture extended from the anus 
to descending colon (Fig. 2c). This type is associated either 
with extensive perianal disease, or with an extensive rectal 
submucosal inflammatory process which may extend up to 
the rectosigmoid or even to involve the whole bowel in the 
process of narrowing and shortening. 

Ulcerative colitis, which almost always involves the rec- 
tum, with or without synchronous or metachronous prox- 
imal colonic disease may result in rectal stricture on occa- 
sion. Colonic strictures are not infrequent, occurring in 
2-5% of patients, with disease at any particular site in the 
colon.” These authors find a somewhat higher incidence 
(7.8%) in the rectal region. The incidence in various series 
varied from 4-9%.**!!75"85 In one series from the Mayo 
Clinic? the postileostomy patients with diversion of 
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Tame 2b. A Comparison of the Percentage Incidence of Clinical 
Features in 12 Patients With Rectal Strictures and a Control Series 
of 148 Patients With Crohn's Colitis and Heocolitis 


a — — — — — — — 


Stricture Control 

Ie ee 

Total Number of Patients 12 148 
Perianal Disease 92% 53% ° 
Toxemia/ Fever 839 65°: 
Diarrhea 75% 95% 
Weight Loss 150 72% 
Abdominal Pain 58% 89°; 
Abdominal Tenderness 58% 48% 
Peripheral, Systemic 58% 48% 
Fistulae, Internal 42% 39% 
Sub-acute Obstruction 42% 33% 
Overt Bleeding 33% 31% 
Abdominal Mass 33% 27% 
Intra-abdominal Abscess 25% 22% 

Pi e a E a ——— 
Statisſticallx significant Difference: X? = 5.3 DF. = 1 P = 


<005 


the fecal stream were found to have anorectal strictures in 
47% of cases! These strictures, which may on occasion occur 
with the first attack of ulcerative colitis, usually develop in 
the chronic continuous form of disease,® and are associated 
with either healing ulceration or extensive inflammatory 
sclerosis. 

When strictures involve the colon, there is a clearly de- 
fined as pathogenetic difference between strictures in ulcer- 
ative as opposed to Crohn’s colitis. This has been recog- 
nized in a recent paper by Goulston and McGovern.” 
Whereas in Crohn's colitis progressive fibrous stricture re- 
sults from the “Cicatrising’” inflammatory process, in ulcer- 
ative colitis, the major thickening occurs in the muscle 
layers particularly the muscularis mucosae; the muscle con- 
traction and hypertrophy contribute to the strictures which 
develop. Even in ulcerative colitis, malignant strictures, al- 


Distinguishing Features of 12 Patients With Anorectal 
Strictures Due to Crohn's Colitis and Ieocolitis 


— — — — 
| Perianal Disease 
Abscesses and Fistulae 10° 
Hemorrhoidal Tag Only | 
Il Intestinal Complications 
Associated Stricture l 
Associated Fistulae 
Abscessest 
Toxie Dilatation 
Ill Extra-intestinal Manifestations! 
Skin 
Joint 
Liver 
Duodenal Uleer 
Amyloid 
Eve 
Malabsorption, osteoporosis 
IV. Hematological 
Anemia 1] 
V Radiological 
Discontinuity l 
Assymmetry 
Cobblestone 
VI Pathological 
Non-caseating Granulomas 6 


TABER 5. 
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Multiple complex perianal and ischio-rectal abscess and fistulae 
+ Intra-abdominal or retro-peritoneal 
+7 Patients—some with multiple extra-intestinal manifestations 
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though occurring on occasion, are the exception rather than * Tam: 5. Associated Fistulae in 


the rule.’ 

The specific infective diseases, amebiasis and 
lymphogranuloma venereum occur most frequently in the 
tropics and subtropical regions, but with expanding world 
travel will doubtless be seen more frequently in northern 
Europe, Britain and America. Non-specific ulcerative colitis, 
Crohn's colitis and ischemic colitis, on the other hand, are 
already relatively common diseases in America, Britain and 
the Scandinavian Countries, 

The anatomic pattern and distribution of these diseases 
is usually characteristic. Ulcerative colitis and 
lymphogranuloma venereum start distally, with proximal 
extension of the disease. Lymphogranuloma venereum may 
extend to the sigmoid, and ulcerative colitis may spread to 
involve the entire colon. By contrast, ischemic disease 
usually affects predominantly the splenic flexure and less 
frequently the sigmoid, while Crohn's disease and amoebic 
colitis are predominantly right-sided diseases. Discontinuity 
of disease is characteristic of granulomatous disease (Fig. 
2a-d) 

The natural history of anorectal stricture in Crohn's dis- 
ease involving the colon is generally that of a self-limited 
narrowing, or fibrous stricture which responds to finger or 
instrumental dilatation and ceases to be a problem if the 
major related factor, the complex perianal fistulae is treated 
and controlled. This was the course in four of the patients, 
particularly those in whom the narrowing was confined to 
the anal canal and relatively short in length. 

Of the longer low anorectal strictures, three required 
repeated dilatation. Of these patients, at least one is un- 
dergoing regular dilatation at the present time, and may ul- 
timately require surgical intervention. 

In one patient toxic dilatation developed proximal to the 
stricture which narrowed progressively following proximal 
diverting ileostomy. Because of extensive perianal disease 
and subsequent fibrosis with progressive postiliectomy stric- 
turing reconstitution of gastrointestinal continuity could not 
be carried out. 

In two patients stricturing associated with rectal disease 
proximally resulted in the development of a rectovaginal 
fistula. One required no further treatment apart from 
medical measures to control the disease. The other patient, 
however, eventually came to subtotal colectomy, and il- 


Tasit 4 Sites of Associated Stricture or Radiological Narrowing in 10° 


of 12 patients with Anorectal Strictures 


Terminal Heum 
Ascending Colon 
Transverse Colon 
Splenic Flexure 
Descending Colon 
Sigmoid Colon 
Rectosigmoid 
Anorectum 


wee OoOwwre td od 


— 


* Includes three patients with multiple strictures and one with 
narrowing of distal small bowel and all of large bowel. 
t Multiple ileal strictures in two patients 
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5 of 12 Patients with Anorectal 
Strictures 

Rectovaginal 2 
Sigmoidoduodenal | 
lleocecal | 
lleosigmoid | 
Colocavitory ] 
| 


lleomesenteric (multiple) 





eostomy for extensive perianal disease, rectovaginal fistulae, 
and tight rectal stricture. One patient with extensive stric- 
turing from anus to involve almost all of the colon was ad- 
vised total proctocolectomy, but this was not carried ovt as 
the patient was too old and too ill. One patient came to ma- 
jor surgery following successful resolution of the inflam- 
matory disease following right hemicolectomy. The perianal 
inflammatory disease and the rectal stricture subsided 
Complex and extensive perianal disease requires incision 
and drainage on occasion, but should be treated conser- 
vatively whenever possible because of the difficulty in ob- 
taining satisfactory surgical healing. 


Conclusions 


Anorectal stricture occurred in 12 of 160 patients (7.5%) 
with Crohn's disease involving the colon. These strictures, 
although benign, constitute a major clinical problem, and 
will often resolve with control of the frequently associated 
perianal inflammatory process. 

In approximately half of the involved cases rectal narrow- 
ing may lead to partial or complete obstruction of a signifi- 
cant degree. In this series of 12 cases, four were mild, four 
moderate and four severe. 

In contrast to a localized process such as lym- 
phogranuloma venereum, rectal stricture in grahu- 
lomatous disease should be considered as part of the 
total disease picture and may be associated with perianal 
disease, rectovaginal fistulae, proximal stricturing in the 
bowel, and activity of the Crohn's disease elsewhere in the 
gastrointestinal tract and throughout the body. Although 
rarely a major determining factor in the course of the dis- 
ease, on occasion such a stricture can determine the treat- 
ment to be carried out, and necessitate surgical interven- 
tion. 


Operative Procedures in 12 Patients With Anorectal Strictures 
in Crohn's Colitis and Ileocolitis 
Non-operative 3 
Surgical 9 
l. Dilatation of Rectal Stricture 3 
Il. Incision & Drainage of Intra-abdominal 
Abscess 
IIL Ileostomy" 
IV. Colostomy Diverting + Closure of Colostomy 
V. Lleocolostomyt 
VL Bypass 


Tanne 6 


menor & © E 


VII. Resection; Lleocolic Resection 
Subtotal Colectomy 
VIIL Appendectomy 


* Diverting 
+ 2 with bypass 


| complementary to subtotal colectomy 
2 with resection 
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TABLET 
Crohn's Ulcerative 
Age 30-50 20-40 
Epidemiology UK. USA. Sweden UK, USA, Sweden 
etc ete 
Incidence of Strictures 11% 5-8 % 
Major Site of Disease lleum & rt. colon Rectum & It. Colon 
Assoc. Perianal 806: 5-7% 
Disease 
Assoc Stricture of 806; 5-10% 
Bowel 
Type of Stricture diaphragmatic, diaphragmatic, 
be tubular, annular tubular, annular 
Site of Stricture Anorectum 1-5 em anorectum 


from anal verge 


Assoc. Internal Fistula common (50% ) rare except rect 
vaginal 
Extra-intestinal frequent (50% ) frequent 


Manifestations 
Radiology 7: 


fissures, deep ulcers, shallow ulcers 


8 fistulae, discontinuity in continuity 
Histopathology sarcoid reaction, mucosal disease, 
? _ transmural disease crypt abscesses 
‘ x E: 7 
‘Course: relapsing relapsing, tendency 
to carcinoma 
Treatment Azulf. steroids, azulf. dilatation. 


dilatation, surgery surgery 
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the solution: J At work sit in straight chair with 
s r 


firm back ... knees higher than 
hips. Prop feet on small footstool to 
elevate knees. Don’t sit in over- 
stuffed furniture. Never sit long in 
one position. . . get up frequently and 
move around. Exercise regularly to 
strengthen abdominal and low-back 
muscles and help prevent weekend 
flare-ups. Avoid sudden spurts of 
vigorous physical activity. A back 
support can help relieve pain and 
fatigue. 


to relieve discomforts associated with acute, 
painful musculoskeletal disorders... 


Indications: 
As an adjunct to rest, physical therapy, and other 
measures for the relief of discomforts associated 
eS with acute, painful musculoskeletal conditions. 
The mode of action of this drug has not been 
clearly identified, but may be related to its sedative 
brand of properties. Methocarbamol does not directly relax 
750 mg. capsule- tense skeletal muscles in man. 
ca mo shaped tablets Contraindications: 


Robaxin is contraindicated in patients hyper- 


the Robaxin Regimen: 


Complete bed rest on a very firm mattress 
is usually indicated in the home treat- 


ment of acute low-back discomfort. 
Have patient insert section of ply- 
wood 4%2-%4" thick between 
mattress and box springs. 

The use of moist heat is 

often very beneficial. 


Robaxin-750 is often indicated to 
relieve the discomforts associated 
with acute, painful’ musculoskeletal 
disorders. It is a well tolerated agent 
which can provide significant 

relief, usually without serious 
adverse reactions. 


sensitive to any of the ingredients. 


Warnings: 

Safe use of Robaxin has not been established with 
regard to possible adverse effects upon fetal - 
development. Therefore, Robaxin should not be 
used in women who are or may become pregnant 
and particularly during early pregnancy unless in 
the judgment of the physician the potential 
benefits outweigh the possible hazards. 


Precautions: 
Safety and effectiveness in children below the age 
of 12 years have not been established 


It is not known whether this drug is secreted in 
human milk. As a general rule. nursing should not 
be undertaken while a patient is on a drug since 
many drugs are excreted in human milk. 


Methocarbamol may cause a color interference in 
certain screening tests for 5-hydroxyindoleacetic 
acid (5-HIAA) and vanilmandelic acid (VMA). 


Adverse Reactions: 

Lightheadedness. dizziness. drowsiness. nausea, 

allergic manifestations such as urticaria, pruritus. 

rash, conjunctivitis with nasal congestion. blurred 
vision, headache. fever 


Dosage and Administration: 
Initial dosage, 2 tablets q.i.d.; maintenance 
dosage, 1 tablet q.4h. or 2 tablets t.i.d 


Six gons a day are recommended for the first 48 
to 72 hours of treatment. (For severe conditions 8 
grams a day may be administered.) Thereafter. 
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See package insert for full prescribing information. 
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There are no wet, messy dressings to touch. And the wound site doesn't require a 
dressings change every time it’s inspected. 

Your patient is not subject to painful stripping of skin and damage to regenerating 
tissue. Contamination from outside sources is reduced to a minimum. And your 
patient can now become-ambulatory with greater ease and comfort. 

For you and your patient, this new Hollister Draining-Wound Management System 
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HOLLISTER 
DRAINING-WOUND 
MANAGEMENT SYSTEM 


exudate ina 
Drainage Bag that keeps 


fluid away from the wound 


— 


snug fit of Karaya blanket 
around draining wound di- 
rects discharge into col- 
lection bag. Helps prevent 
pooling at wound site. 


Secretions are trapped inside 
a collector made of odor- 
barrier film. Exudate is visible 
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measurement. 
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e With 93% efficacy in respiratory tract infections. 
in clinical trials, Ancef’ produced good or excellent responses* in 93% of 377 
patients with respiratory tract infections due to susceptible organisms (See 
Indications section of brief summary for list of organisms). 


¢ With high and prolonged serum levels. 
Following single 1 gram IV injections in healthy adult volunteers, ‘Ancef’ pro- 
duced average peak serum levels of 190.0 mcg/ml. At four hours, levels of 16.5 
mcg/ml were still present. 


e With a low risk of phlebitis at the IV injection site. 


Of 273 patients receiving Ancef intravenously, 6 patients or 2.2% reported 
phlebitis at the injection site. These data were derived from pre-marketing 
clinical studies in small populations. While further clinical experience may reveal 
a greater incidence of adverse effects, it should be noted that the incidence of 
known phlebitis has not increased with over a year’s clinical experience since 
introduction. 


e With no reported nephrotoxicity. 


(Transient rise in SGOT, SGPT, BUN and alkaline phosphatase levels has been 
observed without evidence of renal or hepatic impairment.) 


e With the flexibility of IV or IM administration. 


Adverse Reactions 

Adverse reactions reported in clinical trials included pain on injection, rash, G.l. 
symptoms, pruritus, and phlebitis. For a complete list of adverse reactions 
reported with Ancef’ therapy, please see next page. 

Warning: in penicillin-allergic patients, cephalosporins should be used with great 
caution because of evidence of partial cross-allergenicity. 


“(Excellent response: initial improvement at 1-3 days with maximum improvement between 3-7 days. 
Good response: Initial improvement at 2-4 days with maximum improvement between 4-10 days. 
Results collected from identical clinical protocols.) 
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Before prescribing. see complete prescribing information in 
SK&F literature or POR. The folowing is a brief summary. 
DESCRIPTION 

Ancef® (sterile cefazolin sodium, SK&F) is asemr-synthetic 
cephalosporin for parenteral administration. itis the sodium salt 
of 3- ({(5-methyl-1. 3, 4-thiadiazol-2-yl) thiol methy!)-8-oxo-7- 


_.[2-(1H-tetrazol-1-yl) acetamido) -5-thia-T-azabicycio!| 4.2.0] oct- 
" 2-ene-2-carboxylic acid. The sodium content is 46 mg. per gram 


of cefazolin. 


ACTIONS 

Microbiology: /n vitro tests demonstrate that the bactericidal 
action of cephalosporins results from inhibition of cell wall 
synthesis. Ancef is active against the following organisms in vitro: 
Staphylococcus aureus (penicillin-sensitive and penicilin 
resistant) 

Group A beta-hemolytic streptococci and other strains of strep- 
tococci (many strains of enterococci are resistant} 

Streptococcus pneumoniae (formerty Kiebsiella species 

D. pneumoniae) Enterobacter aerogenes 
Escherichia coli Hemophilus miluenzae 
Proteus mirabilis 


Most strains of Enterobacter cloacae and indole positive Proteus 
(P. vulgaris. P. morgani, P. rettgeri} are resistant. Methicillin- 
resistant staphylococci, serratia, pseudomonas. mima. herellea 
species are almost uniformly resistant to cefazolin. 


INDICATIONS 

Ancef (sterile cefazolin sodium, SKAF} ts indicated in the treat- 
ment of the following serious infections due to susceptible 
organisms: 


Respiratory tract infections due to Streptococcus pneumoniae 
(formerly D. pneumoniae), Kiebsielia species, Hemophrus 
influenzae, Staphylococcus aureus (penicillin-sensitive and 
penicillin-resistant). and group A beta-hemolytic streptococci. 
injectable benzathine penicillin is considered to be the crug of 
choice in treatment and prevention of streptococcal infections. 
including the prophylaxis of rheumatic fever. Ancef is effective 
inthe eradication of streptococci fromthe nasopharynx: however. 


. data establishing the efficacy of Ancef inthe subsequent-preven- 


tion of rheumatic fever are not available at present. 


Genitourinary tract infections due to Escherichia coli, Proteus 
mirabilis, Klebsiella species, and some strains of enterobacter 
and enterococci. 


Skin and soft-tissue infections due to Staphylococcus aureus 
{penicillin-sensitive and penicillin-resistant) and group A beta- 
hemolytic streptococci and other strains of streptococci. 


Bone and joint infections due to Staphylococcus aureus. 


Septicemia due to Streptococcus pneumoniae (formerly.D. 
pneumoniae), Staphylococcus aureus (penicillin-sensitive and 
penicillin-resistant), Proteus mirabilis, Escherichia coli, and 
Kiebsiella species. 


Endocarditis due to Staphylococcus aureus (penicillin-sensitive 
and penicillin-resistant}). and group A beta-hemolytic streptococci. 


Appropriate culture and susceptibility studies shouid be per- 
formed to determine susceptibility of the causative organism to 
‘Ancef. 


CONTRAINDICATIONS 

‘Ancef is contraindicated in patients with known allergy tothe 
cephalosporin group of antibiotics. 

WARNINGS 

IN PENICILLIN-ALLERGIC PATIENTS. CEPHALOSPORINS 
SHOULD BE USED WITH GREAT CAUTION. THERE IS 
CLINICAL AND LABORATORY EVIDENCE OF PARTIAL CROSS- 
ALLERGENICITY OF THE PENICILLINS AND THE CEPHALO- 
SPORINS, AND THERE ARE INSTANCES OF PATIENTS WHO 
HAVE HAD REACTIONS TO BOTH DRUG CLASSES UNCLUD- 
ING FATAL ANAPHYLAXIS AFTER PARENTERAL USE) 


Any patient who has demonstrated some form of allergy. par- 
ticularly to drugs, should receive antibiotics, including Ancef 
(sterile cefazolin sodium, SK&F} cautiously and then onlywhen 
absolutely necessary. Serious anaphyiactoid reactions require 
immediate emergency treatment with epinephrine. Oxygen, 


intravenous steroids, and airway management, including intuba- 
tion, should also be administered as indicated. 


Usage in Pregnancy: Safety of this product for use during preg- 
nancy has not been established. 


Usage in Infants: Safety for use in prematures and infants under 
1 month of age has not been established. 


PRECAUTIONS 

Prolonged use of cefazolin sodium may result in the overgrowth 
of nonsusceptible organisms. Careful clinical observation of the 
patient is essential. 

When Ancef is administered to patients with low urinary output 
because of impaired renal function, lower daily dosage is required 
(see dosage instructions). A false positive reaction for glucose in 
the urine of patients on Ancef has occurred with Clinitest® tablets 
solution. 

ADVERSE REACTIONS 

The following reactions have been reported: 


Hypersensitivity: Drug fever. skin rash, vulvar pruritus, and 
eosinophilia have occurred. 


Blood: Neutropenia, leukopenia, thrombocythemia and positive 
direct and indirect Coombs tests have occurred 


Hepatic and Renal: Transient rise in SGOT, SGPT, BUN and 
alkaline phosphatase levels has been observed. 


Gastrointestinak Nausea, anorexia, vomiting. diarrhea, oral 
candidiasis jorai thrush) have been reported. 


Other: Pain at site of injection after intramuscular administration 
has occurred, some with induration. Phiebitis at site of injection 
has been noted. 


DOSAGE AND ADMINISTRATION 
‘Ancef may be administered intramuscularly or intravenously 
after reconstitution. Í 


Dosage 

in adults, usual dosage for pneumococcal pneumonia is 500 mg. 
every 12 hours. in acute, uncomplicated urinary tract infections, 
usual dosage is 1 gram every 12 hours. in mild infections caused 
by susceptible gram? cocci, usual dosage is 250 to 500 mg. 
every & hours. in moderate to severe infections, usual dosage is 
500 mg. to 1 gram every 6to 8 hours. Ancef has been adminis- 
tered in dosages of 6 grams per day in serious infections such as 
endocarditis. 

‘“Ancef may be used in patients with reduced renal function with 
the following dosage adjustments: Patients with a creatinine 
clearance of 55 mi./min. or greater or a serum creatinine of 

1.5 mg. % or less can be given full doses. Patients with creatinine 
clearance raies of 35 to 54 mi./min. or serum creatinine of 1.6 
to3.0mg. % can also be given full doses, but dosage should be 
restricted to at feast 8-hour intervals. Patients with creatinine 
clearance rates of 11 to 34 ml/min. or serum creatinine of 3.1 to 
4.5 mg. % should be given 1/2 the usual dose every 12 hours. 
Patients with creatinine clearance rates of 10 mi./min. or less or 
serum creatinine of 46mg. % or greater should be given 1/2 the 
usual dose every 18to 24 hours. All reduced dosage recom- 
mendations apply after an initial loading dose appropriate to the 
severity of the infection. 

in children, a total daily dosage of 25to 50 mg. per kg. (approx- 
imately 10to 20 mg. per pound) of body weight, divided into 
three or four equal doses, is effective for most mild to moderately 
severe infections. Total daily dosage may be increased to 100 mg. 
per kg. {45 mg. per pound) of body weight for severe infections. 
Since safety for use in premature infants and in infants under 
one month has not been established. the use of Ancefinthese ] 
patients is not recommended. 


For additional information on dosage and administration, see 
package literature or contact your SK&F Representative. 


HOW SUPPLIED 
Ancef® (sterile cefazolin sodium. SK&F)}— supplied in vials 
equivalent to 250 mg.. 800 ma.. and 1 gram of cefazolin. 


Smith Kline & French Laboratories 
Division of SmithKline Corporation, Philadelphia, PA 19101 








SESAP Il IS: 


Authoritative 

A completely new program, 
it reflects the results 

of a three-year effort 

by 70 nationally 
recognized authorities. 


Clinical 

The 750 items comprising 
SESAP || emphasize 
information of value 

to your daily practice. 


Convenient 

You may complete 
SESAP || at any time, 
anywhere—set your 
own learning pace. 


Confidential 

Only you will ever 
know the level of 
your performance. 


Success-tested 

15,000 surgeons 
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ABOUT THE 
SYLLABUS 


The Syllabus, a self- 
contained, comprehensive 
aid to your continuing 
surgical education, is 
yours as part of your 
enrollment in SESAP Il. 
Its several hundred pages 
contain: 
+ All 750 items of 
the assessment 
e All black-and-white 
and color illustrations 
+ An authoritative 
critique of each item 
+ References for 
each critique 
+ Answer sheets and 
answer keys 
+ A comprehensive index 
« A convenient reference 
reprint service 


Accredited 
for continuing 

education 

For the AMA's Physician's 
Recognition Award, i 
SESAP II earns 22 — 
credit hours for the 

assessment, and an 

additional maximum of 

22 credit hours for 

self-learning. 
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An unextreme parenteral analgesic can be preferable for the relief of moderate to 
severe pain associated with many everyday hospital situations. 
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Traumatic pain Hysterectomy 










Endoscopy 








Burns Multiple fractures 





Appendectomy Intestinal colic 


Acute bursitis 


Since clinical experience in children under 12 years of age is limited, the use of Talwin (brand of pentazocine, 
as lactate) in this age group is not recommended. Since sedation, dizziness, and occasional euphoria 
have been noted, ambulatory patients should be warned not to operate machinery, drive cars, or unnecessarily 
expose themselves to hazards. See full instructions and warnings on last page. 
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the unextreme 
injectable — 
for Serious pain 


Talwin doesn’t go to extremes. 

Yet, Talwin relieves serious 
pain (moderate to severe pain) in 
the great majority of everyday 
hospital situations. 


For most serious pain —Talwin has in fact 
been shown comparable to narcotics such as | 
morphine and meperidine, in analgesic efficacy... 
with less likelihood of some of the extreme ad- 
verse effects produced by the opiates in general. 

With Talwin there is a low incidence of 
respiratory depression, hypotension, urinary 
retention, and constipation. 

























Injectable 


brand of 


pentazocine 


(as lactate) 


extremely effective for most patients 
50mg. 45mg. 60mg. 


See important product information concerning warnings, adverse reactions, patient selection 
prescribing and precautionary recommendations on last page of this advertisement 








Talwin” 
Brand of pentazocine (as lactate) 
Analgesic for Parenteral Use 


Ampuls: 30 mg. (1 ml.), 45 mg. 
(11% mi.), and 60 mg. (2 ml.) 


Vials: (10 mi.) 30 mg./mi. 
30 mg. for I.V., I.M., or S.C. use 
45 Mg. for I.M. or S.C. use 

60 mg. for I.M. or S.C. use 


Indications: For the relief of moderate to severe 
pain. Talwin may also be used for preoperative 
or preanesthetic medication and as a supple- 
ment to surgical anesthesia. 

Contraindication: Talwin should not be admin- 
istered to patients who are hypersensitive to it. 
Warnings: Drug Dependence. Special care 
should be exercised in prescribing pentazocine 
for emotionally unstable patients and for those 
with a history of drug misuse. Such patients 
should be closely supervised when long-term 
therapy is contemplated. There have been in- 
stances of psychological and physical depend- 
ence on Talwin in patients with such a history 
and, rarely, in patients without such a history. 
Abrupt discontinuance following the extended 
use of parenteral Talwin has resulted in symp- 
toms such as abdominal cramps, elevated tem- 
perature, rhinorrhea, restlessness, anxiety, and 
latrimation. Even when these occurred, discon- 
tinuance has been accomplished with minimal 
ditticulty. In the rare patient in whom more than 
minor difficulty has been encountered, reinstitu- 
tion of parenteral Talwin with gradual withdrawal 
has ameliorated the patient's symptoms. Sub- 
stituting methadone or other narcotics for Talwin 
in the treatment of the Talwin abstinence syn- 
drome should be avoided, 

In prescribing parenteral Talwin for chronic use, 
particularly if the drug is to be sell-administered, 
the physician should take precautions to avoid in- 
creases in dose and frequency of injection by the 
patient and to prevent the use of the drug in an- 
ticipation of pain rather than for the relief of pain. 
Just as with all medication, the oral form of 
Talwin is preferable for chronic administration. 
Head Injury and Increased Intracranial Pressure. 
The respiratory depressant effects of Talwin and 
its potential for elevating cerebrospinal! fluid 
pressure may be markedly exaggerated in the 
presence of head injury, other intracranial le- 
sions, or a preexisting increase in intracranial 
pressure. Furthermore, Talwin can produce ef- 
fects which may obscure the clinical course of 
patients with head injuries. In such patients, 
Talwin must be used with extreme caution and 
only if its use is deemed essential. 

Usage in Pregnancy. Safe use of Talwin during 
pregnancy (other than labor) has not been estab- 
lished. Animal reproduction studies have not 
demonstrated teratogenic or embryotoxic ef- 
fects. However, Talwin should be administered 
to pregnant patients (other than labor) only 
when, in the judgment of the physician, the po- 
tential benefits outweigh the possible hazards. 
Patients receiving Talwin during labor have ex- 
perienced no adverse effects other than those 
that occur with commonly used analgesics. 
Talwin should be used with caution in women 
delivering premature infants. 

Acute CNS Manifestations. Patients receiving 
therapeutic doses of Talwin have experienced, 
in rare instances, hallucinations (usually visual), 
disorientation, and confusion which have cleared 







the unextreme 
injectable 
for serious pain 


spontaneously within a period of hours. The 
mechanism of this reaction is not known. Such 
patients should be very closely observed and 
vital signs checked. If the drug is reinstituted it 
should be done with caution since the acute 
CNS manifestations may recur. 

Usage in Children. Because Clinical experience 
in children under twelve years of age is limited, 
the use of Talwin in this age group is not rec- 
ommended. 

Ambulatory Patients. Since sedation, dizziness, 
and occasional euphoria have been noted, am- 
bulatory patients should be warned not to op- 
erate machinery, drive cars, or unnecessarily 
expose themselves to hazards. 

Precautions: Certain Respiratory Conditions. The 
possibility that Talwin may cause respiratory de- 
pression should be considered in treatment of 
patients with bronchial asthma. Talwin should 
be administered only with caution and in low 
dosage to patients with respiratory depression 
(e.g., from other medication, uremia, or severe 
infection), severely limited respiratory reserve, 
obstructive respiratory conditions, or cyanosis. 
Impaired Renal or Hepatic Function. Although 
laboratory tests have not indicated that Talwin 
causes or increases renal or hepatic impairment, 
the drug should be administered with caution to 
patients with such impairment. Extensive liver 
disease appears to predispose to greater side 
effects (e.g., marked apprehension, anxiety, diz- 
ziness, sleepiness) from the usual Clinical dose, 
and may be the result of decreased metabolism 
of the drug by the liver. 

Myocardial Infarction, As with all drugs, Talwin 
should be used with caution in patients with my- 
ocardia! infarction who have nausea or vomiting. 
Biliary Surgery. Until further experience is 
gained with the effects of Talwin on the sphinc- 
ter of Oddi, the drug should be used with cau- 
tion in patients about to undergo surgery of the 
biliary tract. 

Patients Receiving Narcotics. Talwin is a mild 
narcotic antagonist. Some patients previously 
given narcotics, including methadone for the 
daily treatment of narcotic dependence, have 
experienced withdrawal symptoms after receiv- 
ing Talwin. 

CNS Effect. Caution should be used when Talwin 
is administered to patients prone to seizures; 
seizures have occurred in a few such patients 
in association with the use of Talwin although 
no cause and effect relationship has been estab- 
lished, 

Adverse Reactions: The most commonly occur- 
ring reactions are: nausea, dizziness or light- 
headedness, vomiting, euphoria. 

Infrequently occurring reactions are—respira- 
tory: respiratory depression, dyspnea, transient 
apnea in a small number of newborn infants 
whose mothers received Talwin during labor; 
cardiovascular: circulatory depression, shock, 
hypertension; CNS effects: sedation, alteration 
of mood (nervousness, apprehension, depres- 
sion, floating feeling), dreams; gastrointestinal: 
constipation, dry mouth; dermatologic including 
local: diaphoresis, sting on injection, flushed 
skin including plethora, dermatitis including pru- 
ritus; other: urinary retention, headache, pares- 
thesia, alterations in rate or strength of uterine 
contractions during labor. 

Rarely reported reactions include—neuromuscu- 
lar and psychiatric: muscle tremor, insomnia 
disorientation, hallucinations; gastrointestinal: 
taste alteration, diarrhea and cramps; ophthal- 
mic: blurred vision, nystagmus, diplopia, miosis; 
hematologic: depression of white blood cells (es- 
pecially granulocytes), usually reversible and 








usually associated with diseases or other drugs 
which are known to cause such changes, moder- 
ate transient eosinophilia; dermatologic: soft 
tissue induration, nodules, cutaneous depres- 
sion, ulceration (sloughing) at the injection site, 
toxic epidermal necrolysis; other: tachycardia, 
weakness or faintness, chills, allergic reactions 
including edema of the face. 

See Acute CNS Manifestations and Drug De- 
pendence under WARNINGS. 

Dosage and Administration: Adults, Excluding 
Patients in Labor. The recommended single 
parenteral dose is 30 mg. by intramuscular, sub- 
cutaneous, or intravenous route. This may be 
repeated every 3 to 4 hours. Doses in excess of 
30 mg. intravenously or 60 mg. intramuscularly 
or subcutaneously are not recommended. Total 
daily dosage should not exceed 360 mg. As with 
most parenteral drugs, when frequent daily in- 
jections are needed over a prolonged period, 
intramuscular administration is preferable to 
subcutaneous. In addition, constant rotation of 
injection sites (e.g., the upper outer quadrants 
of the buttocks, mid-lateral aspects of the thighs, 
and the deltoid areas) is recommended. 
Patients in Labor. A single, intramuscular 30 mg. 
dose has been most commonly administered. An 
intravenous 20 mg. dose has given adequate 
pain relief to some patients in labor when con- 
tractions become regular, and this dose may be 
given two or three times at two- to three-hour 
intervals, as needed. 

Children Under 12 Years of Age. Since clinical 
experience in children under twelve years of age 
is limited, the use of Talwin in this age group is 
not recommended. 

CAUTION. Talwin should not be mixed in the 
same syringe with soluble barbiturates because 
precipitation will occur. 

Overdosage: Manifestations. Clinical experience 
with Talwin overdosage has been insufficient to 
define the signs of this condition. 

Treatment. Oxygen, intravenous fluids, vaso- 
pressors, and other supportive measures should 
be employed as indicated. Assisted or controlled 
ventilation should also be considered. Although 
nalorphine and levallorphan are not effective 
antidotes for respiratory depression due to over- 
dosage or unusual sensitivity to Talwin, paren- 
teral naloxone (Narcan®, available through Endo 
Laboratories) is a specific and effective antago- 
nist. 

Talwin is not subject to narcotic controls. 

How Supplied: Uni-Amp™™-—Individual unit dose 
ampuis of 1 ml. (30 mg.) and 2 ml. (60 mg.) in 
boxes of 25. 

Ampuls of 142 ml. (45 mg.) in boxes of 10, 25, 
and 100. 

Each 1 mi. contains Talwin (brand of pentazo- 
cine) as lactate equivalent to 30 mg. base and 
2.8 mg. sodium chloride, in water for injection. 
Multiple dose vials of 10 ml., each 1 ml. contain- 
ing Talwin (brand of pentazocine) as lactate 
equivalent to 30 mg. base, 2 mg. acetone sodium 
bisulfite, 1.5 mg. sodium chloride, and 1 mg. 
methylparaben as preservative, in water for In- 
jection, Boxes of 1. 

The pH of Talwin solutions is adjusted between 
4 and 5 with lactic acid and sodium hydroxide. 
The air in the ampuls and vials has been dis- 
placed by nitrogen gas. 


Winthrop Laboratories, New York, N.Y. 10016 


Winthrop. 
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Vacu-Drai 


ragemarrk 


single-port surgical evacuator 


for convenient closed 
wound suction 


The VACU-DRAIN single-port surgical evacuator is simple for the O.R. staff to 
activate, easy for the floor nurse to empty and maintain. The latex membrane 
provides a gentle, reproducible vacuum through the suction cycle, reducing the 
tendency to clog. The canister is of a rigid design, not subject to accidental 
compression, so there is little chance of backflow 


The VACU-DRAIN surgical evacuator system includes: 

e 400 mi. capacity single port container with fluid level Calibrations ¢ 
Unique twist-lock connector * Exclusive no-cut adapter for single or double 
wound drainage * The VACU-DRAIN system is available with medium (1/8") o1 
large (1/4") perforated wound tubing with or without neede « In-lir 

auxiliary Suction adapter is standard with all units ° 
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ETHNOR Medical Products 


available through Arbrook. 
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A phenothiazine 
Is preferred... 


when drug treatment is indicated 


in postoperative vomiting: 


‘Compazine’ offers: 


a Unsurpassed antiemetic activity 
= rapid patient response 


= four dosage forms and strengths 
for postoperative vomiting 


‘Compazine’ is contraindicated in pediatric surgery and in greatly 
depressed states due to C.N.S. depressants. 

The possibility of postoperative aspiration of vomitus should be 
borne in mind. 


1. The Medical Letter, 16(11):48 (May 24) 1974 

Before prescriding, see Compiete prescribing information ir 
literature or PDR. The following is a bref summary 
Indications: lo contro! severe nausea and vomiting 
Contraindications: Comatose or greatly depressed states due tc 
C.N.S. depressants; bone marrow depression; pediatric surgery 


Warnings: Avoid using in patients hypersensitive (e.g,, blood dyscrasias 


SK&E 


or jaundice] to any phenothiazine. Coution patients about activities 
requiring aleriness (e.g operating venicies or machinery) especially 
during the first few Gays’ therapy. Prochiorperazine may intensify or 
prolong the action of other C.N.S, depressants. Not recommended for 
children under 20 pounds or 2 years of age 

Use in pregnancy only when potential benefits OUTWBIQN hazards 
Precautions: Antiemetic effect may mask toxic drug overdosage or 
physical disorders. Postoperative aspiration of vomitus has occurred in 
a few surgical patients who received prochiorperazine as an anti 
emetic. Deep sleep and coma have been reported, usually with 
overdosage. In children with acute illnesses or dehydration, use 
only under close supervision. 

Adverse Reactions: Drowsiness. dizziness, amenorrhea, blurred vision 
skin reactions, Hypotension. Cholestatic jaundice, leukopenia 
agranulocytosis, Fatty changes in the liver have been observed in a 
few patients who died while receiving the drug (no causal relationship 
has been established), Neuromuscular (extrapyramidal) reactions 
motor restlessness, dystonias, pseudo-parkinsonism, persistent tardive 
dyskinesia. Contact dermatitis is a possibility with concentrate and 
injectable forms 
pint Naz some adverse effects are more 
frequent or intense in specific disorders (e.g.. severe hypotension in 
mitral insufficiency or pheochromocytoma) 


CY AE p har 
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Grand mal convulsions; altered cerebrospinal fluid proteins: cerebral 
edemo; prolongation and intensification of the action of C.N.S 
depressonts. atropine. heat and organophosphorus insecticides 


dryness of mouth, nasal congestion, headache, nausea, constipatior 
opshpation, adynamic ileus, inhibition c jlahon, reactivation of 
sycnon catatonic-like states: hypotension (sometimes 
ital); cardiac arest; pancylopenia, thrombocytopenic purpura 
eosinophilia: biliary stasis; lactation, galactorhea, gynecomastia 
menstrual iregularities, false-positive pregnancy tests: photc 
itching. erythema, urticaria, eczema up to exfoliative dermatitis 
asthma, laryngeal edema; angioneurotic edema, anaphylactoid 
reachons; peripheral edema; reversed epinephrine effect. hyper 
pyrexia; a systemic lupus ernthemaiosus-like syndrome: pigmentary 
retinopathy; with prolonged administration of substantial doses, skir 
pigmentation, epithelial keratopathy. and lenticular and comeal 
deposits 

EKG changes have been reported, but relationship to my 
damage is not confirmed, Discontinue long-term, high-dos 
gradually 

NOTE: Sudden death in patients taking phenothiazines {apr 
due fo cardiac arrest or asphyxia due to failure of cough reflex) has 
been reponed, but no causal relationship has been established 
Supplied: Tablets—5, 10 and 25 mg., in bottles of 100; Spansul 
capsules—10, 15, 30 and 75 mg., in bottles of 50; Injection—5 mg./ 
mi.; Suppositories—2-1/2, 5 and 25 mg.; Syrup—5 mg./5 mi.; Con- 
centrate (intended for institutional use only)—10 mg./ml.; Single 
Unit Packages of 100 (intended for institutional use only)—5 and 
10 mg. tablets; 10, 145 and 30 mg. ‘Spansule’ capsules. 


Compazine 


orana of 


prochlorperazine 


Injection: 5 mg./ml. 
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Smith Kline & French Laboratories SKSF 


Division of SmithKline Corporation, Philadelphia, Pa. 49104 
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when pain goes on... | 
and on... 
and on- 












he analgesic formula that calms instead of caffeinates 
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-or the patient with a terminal illness, PAIN past, present, and future can dominate 
lis thoughts until it becomes almost an obsession. The more he is aware of the pain 
e is NOW experiencing, the more difficult it is to erase his memory of yesterday's 
ain, and to allay his fearful anticipation of tomorrow's pain. 


surely the last thing this patient needs is an analgesic containing caffeine to stimulate 
he senses and heighten pain awareness. A far more logical choice is Phenaphen 

vith Codeine. The sensible formula provides 4 grain of phenobarbital to take 

he nervous “edge” off, so the rest of the formula can help control the pain more 
'ffectively. Don't you agree, Doctor, that psychic distress is an important factor 

a most of your terminal and long-term convalescent patients? 





Phenaphen with Codeine No. 2, 3, or 4 contains: Phenobarbital 
(“4 gr.), 16.2 mg. (warning: may be habit forming); Aspirin 

(2% gr.), 162.0 mg.; Phenacetin (3 gr.), 194.0 mg.; Codeine 
phosphate, % gr. (No. 2), Y2 gr. (No. 3) or 1 gr. (No. 4) (warning; 
may be habit forming) 


indications: Provides relief in severe grades of pain, on low 
codeine dosage, with minimal possibility of side effects. Its use 
frequently makes unnecessary the use of addicting narcotics 
Contraindications: Hypersensitivity to any of the components. 
Precautions: As with all phenacetin-containing products, 
excessive or prolonged use should be avoided. Side effects: 
Side effects are uncommon, although nausea, constipation and 
drowsiness may occur. Dosage: Phenaphen No. 2 and No. 3— 
1 or 2 Capsules every 3 to 4 hours as needed; Phenaphen No. 4 
—1 capsule every 3 to 4 hours as needed. For further details see 
product literature. 


Gi Phenaphen with Codeine is now classified in Schedule III, 

Controlled Substances Act of 1970. Available on written 
or oral prescription and may be refilled 5 times within 6 
months, unless restricted by state law. 


A. H. Robins Company, Richmond, Va. A-H-ROBINS 








Although a medical sorb 
of ancient Egypt first made reference to dia- 
betes mellitus in man, today, nearly 4000 years later, only 
meager specific knowledge exists as to the basic cause of the 
disease. Without such knowledge it has been possible to 
provide for limited control only after diabetes manifests 
itself in the form of elevated blood glucose. The possibility 
of prevention or even cure of diabetes, however, must de- 
pend on a full understanding of the genetic defect and/or 
defects underlying the disease. Our current understanding 
of diabetes may be compared to our former understanding 
of another disease of metabolic abnormality, phenyl- 
ketonuria; only when the genetic lesion of that disease was 
discovered did it become possible to institute current pro- 
grams of treatment. 


Basic Diabetes Research at Upjohn 

For more than ten years the Diabetes and Athero- 
sclerosis Research Group at The Upjohn Company (W. F 
Dulin, Director; G. C. Gerritsen; M. G. Soret; A. Y. Chang) 
has addressed itself, in a series of unique experiments, to the 
very basic question: What is diabetes? As with all such funda- 
mental research, practical results are slow in coming and the 
work of the Group has at times raised more questions than 
it has been able to answer. It appears now, however, that the 
research is moving toward important conclusions which 





ON THE FRONTIERS OF DIABETIC RESEARCH... 


What is Diabetes? 















may, over the next several years, 


standing of diabetes and, hopefully, on 
our ability to control it. 


The Chinese Hamsters 


1e middle fifties, a group study- 
e n Chinese hamsters at 
ital Medical Center, 

s, d 2 vered that certain 
yp d Mabetes spontaneously. The 
Research Group obtained some of these ham- 
962, and by controlled inbreeding, succeeded over 
rs in produ cing large numbers of diabetic animals for 
study. Toa assure continuity of the research in the event of a 
catastrophe, duplicate breeding stock of all the inbred 
families are maintained at another site. These are the only 
such colonies in the United States today. In the course of the 
research, Upjohn has cooperated with scientists in academic 


Normal Chinese hamster, 
pancreatic tissue. Note blue- 
stained insulin granules which 
appear within the beta cells of 
the islet of Langerhans 





Diabetic Chinese hamster, 
pancreatic tissue. Insulin 
granules are almost totally 
absent. Though beta cells are 
present, there is some de- 
granulization and vacuoliza- 
tion. The diabetic process is 
similar to that observed in 
human pancreatic tissue. 





have significant bearing on our under- 





centers, both in America and abroad, in various specialized 
studies. When possible, these scientists have come to work for 
a time in Upjohn laboratories, In other cases, specially se- 
lected hamsters were transported to outside research 
facilities. 


Closer to Man 

While other species besides man develop diabetes 
spontaneously, the Chinese hamster appears to be the best 
laboratory animal model to study, since its disease is re- 
markably similar to diabetes in man. Chinese hamster dia- 
betes, like human diabetes, is a complex disease. Like 
humans, the hamsters have more than one variety of di- 
abetes, including the juvenile, insulin-dependent type as 
well as the maturity-onset type. They also develop patho- 
logical lesions in the retina, kidney, and peripheral nerves, 
as do human diabetics. 

Diabetes is as complicated genetically in hamsters as it 
isin man. The type and severity of the disease appears to vary 
with the number of genes involved. Fortunately, genetic 
analysis’ can progress faster in the hamster since two or 
three generations can be produced per year. 


Hamsters with Diabetic Genes Overeat 

Perhaps one of the most significant observations is 
that hamsters with diabetic genes have significantly in- 
creased food consumption prior to development of clinical 
signs of diabetes. Further, if the animal with diabetic genes 
were limited to a normal amount of food, onset of diabetes 
could be delayed and reduced in severity, and the animal 
could have a normal life span of 34-35 months. Those 
animals that develop the clinical symptoms have a shorter 
life span, which varies with the severity of the disease. Inter- 
estingly, decreases in the incidence of human diabetes were 


Peripheral diabetic neuro- 
pathy. Top photo. Chinese 
hamster: bottom photo, 58- 
year-old diabetic man. The 
encirclement of myelinated 
nerve fibers by thin Schwann 
cell processes, indicated by 
arrows, is a cellular reaction 
to chronic demyelination, and 
iS a Characteristic finding in 
this condition in both man and 
the Chinese hamster 
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noted during the siege of Paris in 1870, and during and 
immediately after World War II in Europe. It has been 
postulated that decreased food intake during these periods 
may have delayed the onset of the disease or reduced its 
severity to a point where hyperglycemia did not appear. 


Implications for the Future 

The purpose of the Upjohn Research Group is to 
attempt, through its work with the Chinese hamsters, to find 
the basic genetic lesion or lesions associated with diabetes. 
Such knowledge could provide the information necessary 
to predict the disease in humans, to define its exact mode of 
inheritance, and to initiate studies aimed at correcting the 
defect or defects. Hopefully, it will eventually be possible to 
devise methods to prevent the development of the abnor- 
malities associated with the disease, if the defect or defects 
can be corrected. Such methods may replace all treatment 
in use today. hor y 

Already, a beginning has been made in the establish- 
ment of programs to apply the information gained from the : 
hamster research. The Upjohn Group is currently working 
with pediatric endocrinologists in an attempt to define the 
genetics of human diabetes and to confirm retrospectively 
whether the discoveries concerning dietary manipulation 
in genetically diabetic hamsters can be applied to humans. 
Should the results of these investigations be positive, and if 
it becomes possible through further work with the hamsters 
to identify prediabetic humans before they develop signs of 
the disease, an enormous stride will have been made. Even 
though the investment in this research is made with no 
guarantee, this risk must be undertaken. 
Note: For bibliography of published papers, please write to W. E. 
Dulin, PhD, Upjohn Diabetes and Atherosclerosis Research Group, 
7241-25-9, Kalamazoo, Michigan 49001. 


DEDICATED TO HEALTH CARE 


Meeting mankind’s health needs is a 
primary commitment of The Upjohn 
Company. This commitment is fulfilled 
not only through the production of 
today’s pharmaceuticals, but even more 
importantly, through a continuing 
dedication to research and development 
of programs directed at discovery of the 
therapy and therapeutic approaches of 
the future. 





The Upjohn Company 
Kalamazoo, Michigan 49001 


© 1974 The Upjohn Company 
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*Note: The use of DECADRON in cerebral edema is not a substitute for careful neurosurgical 
evaluation and definitive management such as neurosurgery or other specific therapy. 


Injection: 4 mg/ml Phosphate Tablets: 1.5 mg, 0.75 mg, 0.5 mg, 0.25 mg 


an indication for DECADRON' an DECADRON 


(Dexamethasone Sodium  (Dexamethasone|MSD) 
Phosphate|MSD) 


For a brief summary of prescribing information, please see following page. 





“Some degree of edema accompanies most 
head injuries. Various methods have been 
used to control this, but at present the most 
efficient method is use of...dexamethasone 
[DECADRON’*]... . The effect of this is not well 
understood, but there is little question that 
edema of the brain is significantly lessened by 
its use.” 


Ritchie WP: The emergency care of cerebral injuries, 
J Lancet 86:255, June 1966. 


The use of DECADRON in cerebral edema is 
not a substitute for careful neurosurgical eval- 
uation and definitive management such as 
neurosurgery or other specific therapy. 


Dosage for cerebral edema 


Injection DECADRON Phosphate is generally 
administered initially in a dosage of 10 mg 
dexamethasone phosphate (2.5 ml) IV followed 
by 4 mg dexamethasone phosphate (1 ml) IM 





Injection | 
Decadron 


(Dexamethasone Sodium 
Phosphate|MSD) 


every six hours until symptoms of cerebral 
edema subside. Response is usually noted 
within 12 to 24 hours and dosage may be re- 
duced after two to four days and gradually dis- 
continued over a period of five to seven days. 
For the palliative management of patients with 
recurrent or inoperable brain tumors, main- 
tenance therapy should be individualized with 
either Injection DECADRON Phosphate or Tab- 
lets DECADRON (supplied as 1.5-, 0.75-, 0.5-, 
and 0.25-mg tablets). Two mg two or three 
times daily may be effective. The smallest dos- 
age necessary tocontrol cerebral edema should 
be utilized. The usual precautions in regard 
to corticosteroid therapy should be employed, 
and antacids, anticholinergic drugs, and diet 
measures to prevent gastrointestinal ulcer or 
hemorrhage should be considered. Please read 
the brief summary below, and consult full pre- 
scribing information before prescribing or 
administering. 





Contraindications: Systemic fungal infections. 


Warnings: In patients on corticosteroid therapy subjected 
‘to unusual stress, increase dosage of rapidly acting corti- 
costeroids before, during, and after the stressful situation. 
Corticosteroids may mask some signs of infection: new 
infections, decreased resistance, and inability to localize 
infection may occur. Prolonged use of corticosteroids may 
produce posterior subcapsular cataracts and glaucoma 
with possible damage to optic nerves and may enhance 
the establishment of secondary, fungal or viral ocular in- 
fections. 


Usage in pregnancy: In pregnancy, nursing mothers, or 
women of childbearing potential, weigh possible benefits 
against potential hazards to mother and embryo or fetus. 
Infants of mothers on substantial doses of corticosteroids 
during pregnancy should be carefully observed for signs 
of hypoadrenalism. 


Elevation of blood pressure, salt and water retention, and 
increased excretion of potassium may occur with large 
doses of synthetic corticosteriods; dietary salt restriction 
and potassium supplementation may be necessary. All 


corticosteroids increase calcium excretion. Patients on 
corticosteroid therapy should not be vaccinated against 
Smallpox and other immunization procedures should not 
be undertaken. Corticosteroids may suppress reactions 
to skin tests. 


In active tuberculosis, use should be restricted to fulmi- 
nating or disseminated tuberculosis and should be in 
conjunction with appropriate antituberculous regimen; in 
latent tuberculosis or tuberculin reactivity, close observa- 
tion is necessary as reactivation of the disease may occur, 
and patients should receive chemoprophylaxis during pro- 
longed corticosteroid therapy. 


Because rare instances of anaphylactoid reactions have 
occurred in patients receiving parenteral corticosteroid 
therapy, appropriate precautionary measures should be 
taken prior to parenteral administration, especially in pa- 
tients with history of drug allergy. 


Precautions: ORAL AND PARENTERAL THERAPY—Drug-induced 
secondary adrenocortical insufficiency may persist for 
months after discontinuation of therapy and may be mini- 
mized by gradual reduction of dosage; in any situation of 


stress occurring during tnat period, hormone therapy 
should be reinstituted. If patient already is receiving ste- 
roids, dosage may have to be increased. Since mineralo- 
corticoid secretion may be impaired, salt and/or a 
mineralocorticoid should be administered concurrently. 


In hypothyroidism and in cirrhosis, there is an enhanced 
effect of corticosteroids. Use cautiously in patients with 
ocular herpes simplex for fear of corneal ulceration and 
perforation. 


The lowest possible dose should be used, and when re- 
duction in dosage is possible, it must be gradual. Psychic 
derangements may appear, ranging from euphoria, in- 
somnia, mood swings, personality changes, and severe 
depression to frank psychotic manifestations, and existing 
emotional instability or psychotic tendencies may be ag- 
gravated. In hypoprothrombinemia, use aspirin cautiously 
in conjunction with corticosteroids. 


Use with caution in nonspecific ulcerative colitis, if there 
is a probability of impending perforation, abscess, or other 
pyogenic infection; also in diverticulitis, fresh intestinal 
anastomoses, active or latent peptic ulcer, renal insuffi- 
ciency, hypertension, osteoporosis, and myasthenia gravis. 
Fat embolism has been reported as a possible complica- 
tion of hypercortisonism. An ulcer regimen including an 
antacid should be considered as a prophylactic measure 
during prolonged therapy. 


Growth and development of infants and children on pro- 
longed therapy should be carefully followed. Motility and 
number of spermatozoa may be increased or decreased. 
Diphenylhydantoin may enhance the rate of metabolism 
and clearance of corticosteroids, and this may increase 
steroid dosage requirements. 


OraL THERAPY—Dosage must be individualized according 
to severity of disease and response of patient. Blood pres- 
sure, body weight, routine laboratory studies, including 
2-hour postprandial blood glucose and serum potassium, 
and a chest x-ray should be obtained at regular intervals 
during prolonged therapy. Upper G.I. x-rays are desirable 
in patients with known or suspected peptic ulcer disease. 
Continued supervision of patient after cessation of corti- 
costeroids is essential, since there may be a sudden re- 
appearance of severe manifestations of disease for which 
patient was treated. 


PARENTERAL THERAPY—The injectable form is sensitive to 
heat and should not be autoclaved when it is desirable to 
sterilize the exterior of the vial. Intra-articular injection 
may produce systemic as well as local effects. Appropriate 
examination of any joint fluid present is necessary to ex- 
clude a septic process. Marked increase in pain accom- 
panied by local swelling, further restriction of joint mo- 
tion, fever, and malaise are suggestive of septic arthritis; 
if this complication occurs and diagnosis of sepsis is con- 
firmed, appropriate antimicrobial therapy should be in- 
stituted. Local injection of a steroid into an infected site is 
to be avoided. Should not be injected into unstable joints. 
Patients should be impressed strongly with the impor- 
tance of not overusing joints in which symptomatic bene- 
fit has been obtained as long as the inflammatory process 
remains active. The slower rate of absorption by intra- 
muscular administration should be recognized. 


Adverse Reactions: ORAL AND PARENTERAL THERAPY—F/U/d 
and Electrolyte Disturbances: Sodium retention; fluid re- 
tention; congestive heart failure in susceptible patients; 
potassium loss; hypokalemic alkalosis; hypertension. 
Musculoskeletal: Muscle weakness; steroid myopathy; 
loss of muscle mass; osteoporosis; vertebral compression 
fractures; aseptic necrosis of femoral and humeral heads; 


pathologic fracture of long bones. Gastrointestinal: Peptic 
ulcer with possible subsequent perforation and hemor- 
rhage; pancreatitis; abdominal distention; ulcerative 
esophagitis. Dermatologic: Impaired wound healing; thin 
fragile skin; petechiae and ecchymoses; erythema; in- 
creased sweating; may suppress reactions to skin tests; 
other cutaneous reactions. Neurologic: Convulsions; in- 
creased intracranial pressure with papilledema (pseudo- 
tumor cerebri) usually after treatment; vertigo; headache. 
Endocrine: Menstrual irregularities; development of cush- 
ingoid state; suppression of growth in children; secondary 
adrenocortical and pituitary unresponsiveness, particu- 
larly in times of stress, as in trauma, surgery, or illness; 
decreased carbohydrate tolerance; manifestations of la- 
tent diabetes mellitus; increased requirements for insulin 
or oral hypoglycemic agents in diabetics. Ophthalmic: 
Posterior subcapsular cataracts; increased intraocular 
pressure; glaucoma; exophthalmos. Metabolic: Negative 
nitrogen balance due to protein catabolism. 


PARENTERAL THERAPY—Hypotensive or shock-like reaction 
hypersensitivity; thromboembolism; burning or tingling, 
especially in the perineal area (after IV injection); rare in- 


stances of blindness associated with intralesional therapy ` 


around the face and head; hyperpigmentation or hypo- 
pigmentation; subcutaneous and cutaneous atrophy; ster- 
ile abscess; postinjection flare (following intra-articular 
use); Charcot-like arthropathy. 


How Supplied: Tablets in four strengths: 1.5 mg dexa- 
methasone, in bottles of 50; 0.75 mg dexamethasone, in 
5-12 PAK® (package of 12), single-unit packages of 100, 
and bottles of 100 and 1000; 0.5 mg dexamethasone, in 
bottles of 100 and 1000; and 0.25 mg, in bottles of 100. 
Injection, in 1-ml disposable syringes and 1-ml, 5-ml, and 
25-ml vials, containing per ml: dexamethasone sodium 
phosphate equivalent to 4 mg dexamethasone phosphate 
or 3.33 mg dexamethasone, 8 mg creatinine, 10 mg so- 
dium citrate, sodium hydroxide to adjust pH, water for 
injection q.s. 1 ml, and 1 mg sodium bisulfite, 1.5 mg 
methylparaben, and 0.2 mg propylparaben added as pre- 
servatives. 


For more detailed information, consult your MSD repre- 
sentative or see full prescribing information. Merck Sharp 
& Dohme, Division of Merck & Co., INC., West Point, Pa. 
19486 
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A New Oral su 


Antibiotic with these 


Important Features: 





a Bactericidal activity in vitro. 


" Effective against a wide range of Gram-positive and 
Gram-negative infections due to susceptible organisms: 


Respiratory tract infections caused by group A 
beta-hemolytic streptococci and D. pneumoniae. 


Urinary tract infections caused by E. coli, Pr. mirabilis, 
and Klebsiella species. 


Skin and soft-tissue infections caused by staphylococci. 
Otitis media caused by group A beta-hemolytic 
streptococci, D. pneumoniae, H. influenzae and staphylococci. 


Culture and susceptibility tests should be initiated prior to and during 
therapy. Renal function studies should be performed when indicated. 


Documented safety. 


Rapidly absorbed. Average peak serum levels within 1 hour. 
(Approximately 9 and 16.5 mcg./ml. at 1 hour with 250 and 500 mg. capsules, 
respectively, in normal adult volunteers. ) 


High urinary levels. 
(Peak concentration of approximately 3200 mcg./ml. with 500 mg. capsule dose 
in normal adult volunteers. ) 


Excreted essentially unchanged in the urine. 
Acid stable. Can be given without regard to meals. 


‘Anspor is contraindicated in patients with known hypersensitivity to 
the cephalosporins. In penicillin-sensitive patients, cephalosporin C 
derivatives should be used with great caution because of evidence of 
partial cross-allergenicity of the penicillins and the cephalosporins. 


Adverse Reactions 


The following adverse reactions have been reported: glossitis, nausea, 
vomiting, diarrhea or loose stools, abdominal pain and heartburn; mild 
urticaria or skin rash, pruritus, joint pains; transient eosinophilia, 
leukopenia, neutropenia; transient rise of SGOT, SGPT, total bilirubin, 
BUN; dizziness, tightness in the chest, and candidal vaginitis. 


For a brief summary of prescribing information, including indications, 
contraindications, warnings, precautions, adverse reactions, and dosage, 
please see the following page. 


New 


from . 
SK&F ee 





capsules: 250 and 500 mg. 


ANSPOR 


CEPHRADINE a 





for oral suspension: 125 and 250 mg./5 ml. 


Before prescribing, see complete prescribing information in SK&F 
literature. The following is a brief summary. 


DESCRIPTION 

Anspor (cephradine, SX&F ) is a semi-synthetic cephalosporin antibiotic 
chemically designated as 7-'D-2-amino-2-(1,4-cyclohexadien-1-y!) 
acetamido |-3-methyl-8-oxo-5-thia- 1-azabicyclo 4.2.0 |-oct-2-ene-2- 
carboxylic acid. 

ACTIONS 

Microbiology: In vitro tests demonstrate that the cephalosporins are 
bactericidal because of their inhibition of cell-wall synthesis. Cephradine 
is active against the following organisms in vitro 


Beta-hemolytic streptococci 
Staphylococci, including coagulase- 
positive, coagulase-negative, 
and penicillinase-producing strains 


Diplococcus pneumaniae 
Escherichia coli 

Proteus mirabilis 
Klebsiella sp. 
Hemophilus influenzae 


Note—Some strains of enterococci (Streptococcus faecalis) are resistant to 
cephradine. It is not active against most strains of Enterobacter sp., Pr 
morganii and Pr vulgaris. It has no activity against Pseudomonas or Hereliea 
species. When tested by in vitro methods, staphylococci exhibit cross- 
resistance between cephradine and methicillin-type antibiotics 


INDICATIONS 

Anspor (cephradine, sk&F ) is indicated in the treatment of the following 
infections when caused by susceptible strains of desiqnated micro- 
organisms. 


Infections of the respiratory tract (e.g., tonsillitis, pharyngitis, and lepar 
pneumonia) caused by group A beta-hemolytic streptococci and D 
pneumoniae : 


(Penicillin is the usual! drug of choice in the treatment and prevention of 
streptococcal infections, including the prophylaxis of rheumatic fever. 
‘Anspor'’ is geneérally effective in the eradication of streptococci from the 
nasopharynx; substantial data establishing the efficacy of ‘Anspor ir 

the subsequent prevention of rheumatic fever are not available at present.) 


Otitis media caused by group A beta-hemolytic streptococci, D. pneurnonae. 
Hemophilus influenzae and staphylococci. 


Infections of the skin and soft tissues caused by staphylococci. 


Infections of the urinary tract, including prostatitis, caused by Escherichia 
coli, Pr. mirabilis. and Klebsie!la species. 


Note — Culture and susceptibility tests should be initiated prior to anc 
during therapy. Renal function studies should be performed when 
indicated. 

CONTRAINDICATIONS 

Anspor (cephradine, Sk&F) is contraindicated in patients with known 
hypersensitivity to the cephalosporin group of antibiotics. 


WARNINGS 

IN PENICILLIN-SENSITIVE PATIENTS, CEPHALOSPORIN C DER!IVA- 
TIVES SHOULD BE USED WITH GREAT CAUTION. THERE IS 
CLINICAL AND LABORATORY EVIDENCE OF PARTIAL CROSS- 


ALLERGENICITY OF THE PENICILLINS AND THE CEPHALOSPORINS, 


AND THERE ARE INSTANCES OF PATIENTS WHO HAVE HAD 
REACTIONS TO BOTH DRUGS (INCLUDING FATAL ANAPHYLAMS 
AFTER PARENTERAL USE). 

Any patient who has demonstrated some form of allergy, particularly to 
drugs, should receive antibiotics cautiously and then only when absolutely 
necessary. 

Usage in Pregnancy and Lactation: Safety of this product for use in 
pregnancy has not been established. Cephradine is secreted in breast 
milk during lactation. 

PRECAUTIONS 

Follow patients closely to detect side effects or unusual manifestations of 
drug idiosyncrasy. If hypersensitivity reaction occurs, discontinue drug 
and treat patient with usual agents, e.g., pressor amines, antihistamines, 
or corticosteroids. 


Administer with caution in presence of markedly impaired renal function. 
In Known or suspected renal impairment, careful clinical observation and 
appropriate laboratory studies should be made prior to and during 
therapy as cephradine accumulates in the serum and tissues. See DOSAGE 
AND ADMINISTRATION section for information on treatment of patients 
with impaired renal function. 


Prolonged use of antibiotics may promote the overgrowth of non- 
susceptible organisms. Take appropriate measures if superinfection 
occurs during therapy 


After cephradine therapy, a false positive reaction for glucose in the urine 
may occur with Benedict's solution, Fehling’s solution, or with Clinitest® 
tablets, but not with enzyme-based tests such as Clinistix® and Tes-Tape* 


A positive Coombs test may be due to the drug. 


Indicated surgical procedures should be performed in conjunction with 
antibiotic therapy. 


ADVERSE REACTIONS 
The following adverse reactions have been reported: 


Gastrointestinal: Glossitis, nausea, vomiting, diarrhea or loose stools, 
abdominal pain and heartburn. 


Skin and Hypersensitivity Reactions: Mild urticaria or skin rash, pruritus, 
and joint pains. 


Blood: Mild, transient eosinophilia, leukopenia and neutropenia. 


Liver: Transient mild rise of SGOT, SGPT, and total bilirubin with no 
evidence of hepatocellular damage. 


Renal: Transitory rises in BUN. In adults for whom serum creatinine 
determinations were performed, the rise in BUN was not accompanied 
by a rise in serum creatinine. 


Other adverse reactions have included dizziness and tightness in the chest 
and candidal vaginitis. 


DOSAGE AND ADMINISTRATION 
Anspor (cephradine, sK&F ) may be given without regard to meals. 


Adults: For skin and soft-tissue and respiratory tract infections (other 
than lobar pneumonia), the usual dose is 250 mg. q.i.d. in equally spaced 
doses. For acute infections of the urinary tract, including prostatitis, and 
pneumococcal lobar pneumonia, the usual dose is 500 ma. q.i.d. in 
equally spaced doses; severe or chronic infections may require larger 
doses 


Children: The usual dose is 25 to 50 mq./kg./day total, q.i.d. in equally 
divided and spaced doses. For otitis media due to H. influenzae. doses from 
75 to 100 mg./kg./day in equally divided and spaced doses are recom- 
mended. Maximum dose should not exceed 4 grams per day. 


All patients, regardless of age and weight: Larger doses (upto 1 gram, 
q.i.d.) may be given for severe or chronic infections. 


In patients with impaired renal function, a modified dosage schedule is 
necessary. Consider each patient individually utilizing the following 
guideline: In adults, initial loading dose is 750 ma. and maintenance dose 
is 500 mg. at following time intervals: creatinine clearance >20 ml./min., 
6-12 hours between doses; creatinine clearance 15-19 ml./min., 12-24 
hours between doses; creatinine clearance 10-14 mi./min., 24-40 hours 
between doses; creatinine clearance 5-9 mi./min., 40-50 hours between 
doses; creatinine clearance <5 ml./min., 50-70 hours between doses. 
Further modification may be necessary in children. 


HOW SUPPLIED 
ANSPOR (cephradine, sK6F) Capsules —250 and 500 mg. 


‘ANSPOR' for Oral Suspension —Pleasant fruit-flavored oral suspension 
which, after reconstitution, provides 125 mg. or 250 mg. of cephradine per 
5 ml. teaspoonful. 


SI4SF Smith Kline & French Laboratories 
Division of SmithKline Corporation, Philadelphia, Pa. 19101 
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Surgical Scrub 


"Data on file, 
Winthrop Laboratories 


Winthrop 


Winthrop Laboratories, New York, N.Y. 10016 


Rapidly effective 


with the first application 

Powerfully microbicidal within seconds from 
FIRST application to skin. . . Kills gram 
positive and gram-negative bacteria (includ- 
ing antibiotic-resistant strains) ... plus fungi 
viruses, and other potentially pathogeni 
microorganisms of clinical significanc 


Fully effective 


as scrub or solution 

Has the same wide microbicidal spectrum 
when used as surgical scrub, prepping 
solution, or topical antiseptic. Preparation 
are well tolerated on hands, and virtual: 
nonirritating in general skin use 


Reliably effective 


iodine complex 


Y 


Poloxamer-iodine complex assures depend 
able establishment of microbicidal iodine 
concentrations. 

Immediate, wide-spectrum microbicidal 
action of iodine at minimal cost. 
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65 mg. propoxyphene hydrochloride, 227 mg. aspirin, 
162 mg. phenacetin, and 32.4 ma. caffeine 


contains aspirin 
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The Response to 
Methosarb 


(calusterone, Upjohn) 


an agent for palliation of inoperable or metastatic breast cancer 


in postmenopausal women 


Rate of remission. [na controlled double-blind 


study conducted by the Cooperative Breast Cancer 


Group (CBCG) of the National Cancer Institute, 
28% of 109 patients treated with Methosarb 
(calusterone) met the criteria for remission. In an 
additional 750 cases reported to The Upjohn 
Company, the remission rate with Methosarb was 


approximately 21%, 


The measure of effectiveness. 
Methosarb was judged to have pro- 
duced remission if treatment 
resulted in one of three re- 
sponses: (1) a measurable 
decrease in the size of all 
demonstrable tumor 
masses: (2) a decrease 

in the size of more than 
50% of nonosseous le- 
sions. with all bone lesions 
remaining static; or (3) 
improvement of more than 
50% of total lesions while 


the remainder were static. 















Androgenic and other effects. The incidence 
of androgen-related side effects during Methosarb 
treatment has been low, and the effects have 
generally been mild. Side effects such as mild or 
moderate deepening of the voice, acne, and facial 
hair growth have been seen in about 20-25% of 
patients. Other androgen-related side effects such as 
edema or clitoral enlargement have been uncommon 
and usually mild. Hypercalcemia has been 
noted in a few cases, but usually 
accompanied progression of the 
disease. Change in libido was 
seldom seen. Cholestatic jaun- 
dice has rarely been reported. 
It is advisable to perform liver 
function tests during treatment 
with Methosarb, 


Androgens are contraindi- 
cated in carcinoma of the 
male breast and in pre- 
menopausal women in 
whom ovarian function has 


not been terminated. 


1974 The Upjohn Company 
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Methosarb” tablets, 50 mg 

(calusterone ) 

Description: Methosarb (calusterone) is a synthetic 
steroid related to testosterone, and is chemically designated 
78, 17a-dimethyl-178-hydroxyandrost-4-en-3-one, or 78, 
17-dimethyltestosterone. 


Action: The biochemical mechanism by which Methosarb 
(calusterone) produces its clinical effects in the treatment 
of breast cancer is at present unknown. 

Methosarb has been found to be effective in about 25% 
of patients with advanced or disseminated mammary 
cancer evaluated according to the following criteria: (1) a 
measurable decrease in size of all demonstrable tumor 
masses: (2) a decrease in the size of more than 50% of 
non-osseous lesions, with all bone lesions remaining static; 
or (3) an improvement of more than 50% of total lesions 
while the remainder were static. 


Indications: Methosarb (calusterone) is recommended 
only for the palliative therapy of advanced inoperable or 
metastatic carcinoma of the breast in postmenopausal 
women when hormonal therapy is indicated. It may also 
be used in women who were diagnosed as having had dis- 
seminated breast carcinoma when premenopausal and in 
whom ovarian function has been subsequently terminated. 


Contraindications: Androgens are contraindicated in 
carcinoma of the male breast and in premenopausal women. 


Warnings: Usage in Pregnancy. Since safe use of Metho- 
sarb (calusterone) has not been established with respect 
to adverse effects upon fetal development, and since this 
preparation is intended for use only in postmenopausal 
women, Methosarb should not be used during pregnancy. 
Methosarb in teratology studies performed in rabbits and 
rats is suggestive of producing litters exhibiting signs of 
immaturity at birth as compared to control litters. 


Precautions: In general, the usual precautions pertaining 
to the use of androgens should apply to Methosarb (cal- 
usterone), although the androgenic effects noted with 
Methosarb are of low incidence and are generally mild. 
Plasma calcium levels should be routinely determined in 
any patient receiving therapy for mammary cancer since 
hypercalcemia may occur at times, particularly during 
periods of active remission of bony metastases. If hyper- 
calcemia occurs, appropriate measures should be instituted. 
Drug-related edema may occasionally be seen and is usually 
mild. Patients with significant edema may require diuretics 
before and during treatment with this steroid. 

Objective evidence of tumor progression should be 
evaluated periodically by physical examination, x-rays of 
known or suspected metastases, and determinations of 
serum calcium and alkaline phosphatase levels. The latter 
determination may reflect improvement in osseous lesions 
if there is a slight to moderate rise after initiation of treat- 


ment, or it may be indicative of extensive hepatic metastases 
if the level is markedly elevated. 

Methosarb may increase sensitivity to oral anticoagu- 
lants. Dosage of the anticoagulant may require reduction in 
order to maintain a satisfactory therapeutic hypoprothrom- 
binemia. 

Mild increases in Bromsulphalein (BSP) retention have 
been noted in a few patients, and increases in serum glu- 
tamic oxaloacetic transaminase (SGOT) to abnormal levels 
were seen in about 20% of the patients. Many of these 
patients had progressive disease with liver involvement. 
Few showed the concomitant increases in serum bilirubin 
and alkaline phosphatase that might suggest drug-related 
excretory dysfunction. Cholestatic jaundice has rarely been 
reported. It is therefore advisable to perform liver function 
tests during treatment with Methosarb. 

There are no reports of the use of this agent in carcinoma 
of the breast during pregnancy or in carcinoma of the 
breast in males with or without associated carcinoma of 
the prostate. 


Adverse Reactions: Androgen-related side effects such 
as mild or moderate deepening of the voice, acne, and 
facial hair growth are seen in about 20-25% of the 
patients. Other androgen-related side effects, such as edema 
or clitoral enlargement, are uncommon and are usually 
mild. Hypercalcemia was noted in a few cases but usually 
accompanied progression of the disease. Libido seldom 
seems to be affected. 

Increases in nausea and vomiting, seen in about 5-10% 
of patients, were usually mild or moderate and controllable, 
but a few cases of severe vomiting required discontinua- 
tion of therapy. Brief periods of intensely increased pain 
have been reported in a few patients experiencing osseous 
flares. The few other signs and symptoms that have been 
reported in association with the use of this drug have 
been related to the underlying disease state. 


Dosage and Administration: The usual oral dose is 
200 mg per day, administered as 50 mg tablets, q.i.d., 
although doses of 150-300 mg/day have been successfully 
used, 

In order to evaluate the response, therapy with Metho- 
sarb (calusterone) should be continued for a minimum of 
three months, unless there is active progression of the 
disease. 

Therapy with Methosarb should not replace supportive 
measures such as transfusion, antibacterial therapy, or 
the use of corticosteroids. 


How Supplied: Methosarb (calusterone) is available as 
tablets containing 50 mg of calusterone, in bottles of 120. 


Caution: Federal law prohibits dispensing without pre- 
scription. wo: 


1-4077-4 


Metho sar D's ymg tablets 


(calusterone, Upjohn) 


for the palliation of inoperable or metastatic breast cancer in postmenopausal women 


| Upjohn The Upjohn Company, Kalamazoo, Michigan 49001, U.S.A. 


hee ieee 


KNITTED VASCUI AR Pa 


ka n * 
LLIN NE, A 
Weenie, 


SOLasa, 


} ime sis 


4 
< *2 * 
⸗ na 
t ; 


———— 







— — 


Mitry 


if Fi Mar 


la 


lon, x 
i reasons 


k Why 
MILLIKNIT 
is better 








REFERENCES 


| Coarliash WOM, Envineertne Doven Kacior J e Censitititi 
Materials Conference: American fi tute of © hemi Pnwineers 
Weselowski, S. A.. Fries C ¢ Karlson, K E. DeBakes. M 
t Synthetic Vasitilur Grats Survers St Y 1.06 SL 144 
W esolow sh S A hiauluaton AW ; të and Prosthet: i tele 
4 Wesolow ski S \ Denn $. £ Picedanrestials j | i sei? Caredthi 
$ Wueértlein, R 4 and C amps Cw trie x 


fy Wesolow SKI 8 4 iehi W | LGżolash WN NI f res { í 


XXVII Pages 825-826. 1963 


Wesolowski. S. A.. Henn E OCR Pak, £ AU Eri C4 iti 
Vascular Pro tite tik Caratia | C ardwovan Surg S 444.4567 EIS: 

N Wesolowski, S. A Fries. € ‘ Me Mahon } {) Muirtine 
Soc Artit. Intern. Organs XI UIt OKs 

" Wesolowsk 3. A The Healey Pbhywcular Pr IT Siiru S 

I0. Wesolowski, S A.. Fries. C. ¢ MeMuahon, J D ind Martire 
non Surgery $9: 4056. 196 

il. Sauvage. L. R and Woods. S: Ja Umluterat Avillurni Bilateral 
4ortothat Disease. Sutter» 6 S7T1L.S77_ 1966 

I2. Wesolowski. S. A and McMahon IS: aaia. aarti 


f 4 W esolowsks S A LiOlasA i W ‘1 L 
drrery Prostheses. Trans ASAIO XIV. 43-47, 1968 


I4 Wesolowsk SA Suuvice | R Cotlaski. WNT ral Komati 


Prosthesis, Arch Sure. Y7: 864-87 | YAR 

- 15 Wesolowski S A Fries. C ( \fartinci \ mt NicoMahon 
744 toed 
— i s 


16. Sauvage. L.R Berger. K Wood. S.J Same! \ 


17. Wesolowski. S. A Performance of 
111-156, Feb. 1972 


Wuterial A Prontheti 
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designed, 40 needle knit (also reterred to us MILLIKNIT) 
manufactured by our Bearing Products Div. from 1962 to 


Representing over 10 years of continuous laboratory 
evaluation and clinical use for our 40 needle knitted 
Dacron* vascular prostheses, these 17 references are 17 
valid reasons for you to be using MILLIKNIT” 


“It is a thin-walled, soft, pliable, finely crimped, high po- 
rosity graft knitted finely enough to have the feel of a finely 
woven matenal. It is run proof, non-traying when cut at 
any angle allowing for branchings on the bias."’''5 
“Preclotting is efficient, even with heparinized blood." 00 
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1970, The original 40 needle graft produced after 1970 bears 
the name MILLIKNIT exclusively and has no relationship 
with any other product now being marketed under the name 
WEAVENIT" 


MILLIKNIT (40 needle) is offered in a complete range of 
bifurcations, tubes, and patches. MICROKNIT® (50 needle) 
iS an even finer knit, ultra-thin walled, higher porosity 
graft with faster and even more efficient preclotting. It is 
offered in straight tube sizes ranging from 4mm to 10mm 
as well as patch grafts 


Distributed internationally. Telephone or write direct with- 
in U.S.A. Detailed institutional price list available. 


£3 GOLASKI LABORATORIES, INC. 


4567 Wayne Avenue, Philadelphia, Pa. 19144 Telephone: 215-222-3339; 215-843-4567 
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Roux-en-Y Hepaticojejunostomy: 


A Reappraisal of its Indications and Results 


PARIDE STEFANINI, M.D., MANLIO CARBONI, M.D., NERI PATRASSI, M.D., ANTONIO BASOLI, M.D., 


A critical evaluation is made of 131 patients submitted to 
choledocho or hepaticojejunostomy. The main indications for 
hepaticojejunostomy were iatrogenic strictures of CBD (60 
patients), and choledocholithiasis with markedly dilated duct 
(41 patients). The overall mortality rate was 4% representing 
principally renal hepatic failure, bile peritonitis and bleeding. 
The complications following hepaticojejunostomy included only 
in one case biliary fistula which required reoperation. The long- 
term results of SO patients available for a followup study were as 
follows: 63 patients (78.7%) were symptom-free at 2-13 years 
followup: S patients had brief episodes of cholangitis which 
responded to antibiotic and corticosteroid treatment; 9 patients 
required reoperation for stricture of anastomosis. These overall 
results are a strong argument for hepaticojejunostomy which, 
compared with choledochoduodenostomy, avoids the hazards of 
the so-called sump syndrome and of the reflux of enteric con- 
tents in the CBD. An increased incidence of peptic ulcer disease 
in the patients submitted to hepaticojejunostomy was not 
observed. In very high strictures and in reinterventions 
anastomosis between left hepatic duct and Roux-en-Y jejunal 
limb was carried out. The results achieved with this technique. 
which was performed in 26 patients, were about the same 
following hepaticojejunostomy, 


ra voluminous literature on the treatment 
of choledocholithiasis and benign obstructions of 
common bile duct (CBD), there are few studies in which an 
attempt has been made to suggest the indications for each 
surgical procedure. Three operations have been commonly 
employed for the correction of these lesions, namely 
sphincteroplasty, choledochoduodenostomy and hepatico- 
jejunostomy. It is generally agreed that sphincteroplasty is 
the procedure of choice in the treatment of lithiasis of distal 
CBD and stenosis at the sphincter of Oddi.®!5%:* Con- 
versely, choledochoduodenostomy is usually advised in patients 
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with choledocholithiasis, iatrogenic stricture, inflammatory 
stenosis and chronic pancreatitis. +7??? Moreover, there is a 
fairly uniform pattern in limiting the extent of indications of 
hepaticojejunostomy only to the strictures in the proximal 
CBD caused by surgical trauma?" 

The purpose of the present paper is to advocate 
hepaticojejunostomy as opposed to choledochoduodenos- 
tomy in treating obstructions of proximal as well as distal 
CBD. In addition, hepaticojejunostomy is advised as the 
most appropriate procedure also in patients with chole- 
docholithiasis and markedly dilated duct. Specific indica- 
tions and contraindications for hepaticojejunostomy. have 
been determined by the immediate and long-term results of 
131 patients operated upon at the 2nd Surgical Clinie of 
the University of Rome during the years 1960-73 


Operative Technique 


Of the total of 140 operations performed in 131 patients, 
there were 114 anastomoses between CBD and Roux-en-Y 
iejunal limb. In addition, 26 anastomoses between left 
hepatic duct and jejunum were performed according to the 
technique first described by Hepp and Couinaud® (Fig. 1), 
six of which were carried out for recurrence of CBD stric- 
ture following hepaticojejunostomy. The choice of the 
Hepp procedure, emploved when sufficient CBD tissue was 
not present, was supported by the rationale that the first 
portion of left hepatic duct parallels the hilum of the liver 
und is easier to dissect than right hepatic duct which directly 
goes into the hepatic parenchyma. Moreover this portion 
of left hepatic duct does not cross any blood vessel and does 
not receive any biliary duct. The anastomosis between left 
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hepatic duct and the jejunal limb was fashoned in a side-to- 
side manner, while the hepatico or choledochojejunostomy 
was performed in an end-to-side manner. The Roux-en-Y 
jejunal limb was transected at 30-35 cm from the ligament 
of Treitz, where the mesentery is of sufficient length to per- 
mit its being delivered into the hilar region of the liver, 
and was placed in antecolic position. The anastomosis of 
both procedures was made using interrupted 3-0 chronic 
catgut sutures in the inner layer, and 3-0 silk sutures in 
serosal layer. In recent years, a single layer of interrupted 3- 
0 silk sutures with atraumatic needles was preferred. A 
fenestrated straight catheter across the anastomosis and 
brought out through the jejunal limb was routinely used. In 
the patients with choledocholithiasis it was employed only 
to drain and to splint the anastomosis and was removed in 
two or three weeks. Conversely, in patients with iatrogenic 
stricture the tube was placed as a stent to allow fibrous 
tissue to mature without narrowing. In these cases the stent 
was left in place for 40-60 days (Fig. 2). Only two patients 
had a transhepatic tube placed as described by Smith.” 


Clinical Material 
Of the 131 patients who underwent hepaticojejunostomy, 
51 were male and 80 were female. The age range was 31-73 
years, with an average of 56 years. 
Indications for hepaticojejunostomy in 131 patients 
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Fic. | 
stomosis between left hepa- 
tic duct and Roux-en-Y 
jejunal limb, according to 
Hepp and Couinaud 


Technique for ana- 


operated upon are summarized in Table 1. In 74 patients 
the bile duct stricture was due to operative injury incurred 
during the course of other surgical procedures. The ex- 
trahepatic biliary tree was damaged during cholecystec- 
tomy in 59 cases and during gastrectomy in five cases, while 
the stricture occurred after choledochoduodenostomy in six 
patients and after choledochotomy and Kehr-tube in four 
patients. Bile duct stricture and fistula by surgical injury 
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Radiograms showing the use of transanastomotic drainage as a 
stent in a patient submitted to hepaticojejunostomy 
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Tanie 1. Indications for Hepaticojejunostomy in 131 Patients 








No. of 
cases S 
latrogenic stricture 60 47 
Choledocholithiasis 
(CBD diameter over 1.5 cm) 4] 32 
latrogenic stricture and fistula 14 l1 
Wide inflammatory stenosis 5 3 
Chronic pancreatitis 5 3 
Choledocholithiasis and fistula 3 2 
Congenital choledochal cyst 3 2 
Total 131 100 





were found in 14 patients, three of which had a complete 
excision of biliary tree recognized at operation (Fig. 3). In- 
dication for hepaticojejunostomy in 4l patients was 
choledocholithiasis with common duct markedly dilated 
(Fig. 4), in five patients chronic pancreatitis (Fig. 5) and in 
fve patients wide inflammatory stenosis with 
choledocholithiasis (Fig. 6). 

The surgical procedures performed before hepatico- 
jejunostomy are shown in Table 2. Of 131 patients, 119 had 
previously one operation, 62 had two operations, 14 had 
three operations and 2 had four operations before they were 
admitted to the 2nd Surgical Clinic of the University of 
Rome. The average number of operations per patient in this 
series was 2.4, including the 140 hepaticojejunostomies. In 
12 patients with cholelithiasis, choledocholithiasis and 
widely dilated common duct, hepaticojejunostomy was per- 
formed as the first procedure. 


Mortality, Morbidity and Long-term Results 


In 131 patients submitted to hepaticojejunostomy there 
were six postoperative deaths, one due to bile peritonitis, 
one due to cardiac failure and three due to renal hepatic 
failure. The sixth patient who had biliary cirrhosis died of 
bleeding from esophageal varices. Consequently, the 
overall mortality rate is about 4%, However, it was lowered 
to 3% in the last years with increasing experience in these 
techniques. Only one patient who had choledocholithiasis, 
biliary fistula and markedly dilated duct died following 
hepaticojejunostomy. The others had biliary duct stricture 
due to operative injury and were previously submitted to 
several attempt of surgical repair to achieve adequate 
biliary drainage. Two of these patients died following 
hepaticojejunostomy performed in our clinic. 

The overall morbidity was 13.5% representing principally 
atelectasis or pneumonitis, subphrenic absess, hepatic renal 
failure and bleeding. Only in one case following hepatico- 
jiejunostomy biliary fistula developed that required reopera- 
tion. 

Of 127 patients surviving to operation, 80 (61%) were 
available for a followup study. The long-term results of the 
patients submitted to hepaticojejunostomy are shown in 
Table 3. Sixty-three patients (78.7% ) were symptom-free at 
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2-13 years followup and consequently have maintained a 
functioning anastomosis without development of recurrent 
stricture, All the patients in whom hepaticojejunostomy was 
performed as first procedure were followed for long periods 
and had no signs of cholangitis. Among the patients with 
good results are included the cases of chronic pancreatitis 
who are relieved from symptoms related to biliary obstruc- 
tion, but maintained symptoms due to pancreatitis. Eight 
patients with fair results have had brief episodes of 
cholangitis which responded to antibiotic and corticosteroid 
treatment. Finally, stricture of hepaticojejunostomy requir- 
ing reoperation developed in nine patients (Table 4). Seven 
patients surviving to reoperation have been followed 1-4 
years and have generally done well. No significant 
difference in the immediate and long-term results was found 
to be in patients undergoing hepaticojejunostomy and in 
patients submitted to Hepp procedure 


Discussion 


Hepaticojejunostomy has been used for many years 
generally to overcome iatrogenic stricture of CBD.** 
Conversely, there was a wide variation in the indications for 





Cholangiogram obtained at operation in a patient with biliary 
stricture due to the complete excision of CBD during cholecystectomy 
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choledochoduodenostomy, including stricture or inflam- 
matory stenosis of CBD, stenosis at the sphincter of Oddi, 
chronic pancreatitis and choledocholithiasis with markedly 
dilated duct.*"7-” 

On the basis of accumulated experience, a critical reap- 
praisal of these indications is needed. 

The current criticisms against an enlargement of in- 
dications of hepaticojejunostomy are: 1) the high operative 
mortality; 2) the difficulty in technical performance; 3) the 
risk of peptic ulcer; 4) the inadequate long-term results. 

The review of the literature shows that the mortality rate 
of hepaticojejunostomy ranges from 3.7% to 6.6%." In our 
131 patients submitted to 140 hepaticojejunostomies the 
death rate was 4% and has dropped to 3% in recent years 
with increasing experience in the technical details. Conse- 
quently, the operative risk of hepaticojejunostomy is about 
the same of choledochoduodenostomy (0-8%, with a mean 
of 39%).** 


As for technical difficulties, it should be emphasized 
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Fic. 4. Operative cholangiogram in a patient with choledochobthiasis 
The entire ductal system is distended, with marked enlargement of CBD 


(over 2 cm in diameter) 
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Fie 5 Operative cholangiography showing a marked enlargement of the 
proximal ductal system, and a wide stenosis of the lower portion of 
CBD in a patient with chronic pancreatitis 


that the only difference between end-to-side chole- 
dochoduodenostomy and hepaticojejunostomy is the prep- 
aration of Roux-en-Y jejunal limb. This is at present 
currently employed in several surgical procedures and is 
easily and rapidly performed with the increasing practice 
Conversely, the Hepp procedure poses technical problems 
that are related to the severity of lesions. In any case, the 
management of these conditions requires major surgery. In 
addition, the inverse correlation between technical 
difficulties reported in the operative notes and the eventual 
result, has been suggested by many surgeons.''®* The prac- 
tical advantages of hepaticojejunostomy compared with 
choledochoduodenostomy are that it is most flexible in its 
application particularly when dealing with strictures high in 
the hilum of the liver, that a possible restenosis can be more 
easily managed, and that if a fistula does occur, it is much 
more difficult if it occurs in the duodenum than in the 
defunctionalized jejunal limb 

Recently, it has been suggested by many surgeons that 
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Fic. 6 Operative cholangiogram in a patient with choledochitis. Note 
the generalized enlargement and thickening of the bile ducts, the wide 
stenosis of the distal common duct, and a stone impacted in the ampulla 


the diversion of alkaline bile from the duodenum will result 
in an increased incidence of peptic ulcer disease. A review 
of the literature shows that the incidence of peptic ulcer dis- 
ease in patients treated with a Roux-en-Y hepatico- 
jejunostomy ranges from 8%*° to 22%' of the cases. In the 
experience of Lindenauer' hepaticojejunostomy was not 
associated with an increased incidence of peptic ulcer dis- 
ease. This evidence is supported by the present series, show- 
ing that only 4 patients (5%) of the total of 80 cases re- 
viewed and evaluated, developed peptic ulcer disease. The 
diagnosis of peptic ulcer was established radiologically, and 
three patients were treated medically with good results, 
while the fourth required a vagotomy and pyloroplasty 
Despite our findings, we agree with others’ that a complete 
evaluation of peptic ulcer potential is mandatory, and 
postoperative protection of patients with a proclivity to ul- 
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cer disease is essential. Moreover, in patients with peptic ul- 
cer demonstrated before operation, vagotomy and 
pyloroplasty should be always associated to hepatico- 
jejunostomy. 

Finally, the effectiveness of hepaticojejunostomy is in- 
dicated by the evaluation of the long-term results. Usually, 
the absence of cholangitis for two or three years is consistent 
with a good result in the majority of instances.” In fact, the 
presence of cholangitis is diagnostic of some degree of 
biliary obstruction,’ and is an excellent indication that an 
inadequate anastomosis is present. 

Good or fair results were obtained from 75-80% of the 
patients submitted to choledochoduodenostomy.*'* In the 
present series the long-term results were excellent or good 
in 79% of the cases and fair in 10%. Satisfactory results in 
87% of the patients treated are reported by Lindenauer,” 
and Way and Dunphy.” In reviewing over 900 cases with 
benign obstruction of CBD, Warren™ emphasized the:good 
results of hepaticojejunostomy that provides better chance 
of a definitive cure than ent-to-end anastomosis. This is in 
keeping also with the findings of White” and of Longmire 
and Rongel.” 

Recently, it has been increasingly suggested that 
choledochoduodenostomy is the best approach to. remove 
CBD stones and to overcome biliary obstructions. *7 

However, it is clear that disadvantages of this procedure 
are: 1) the cul-de-sac of the intrapancreatic portion of CBD 
which is an important factor of stasis and plays a determi- 
nant role in developing choledochitis; 2) the reflux of 
duodenal contents which favours the occurrence of ascend- 
ing cholangitis; and 3) the management of possible 
restenosis which poses technical difficulties 

Nevertheless, it has been emphasized that these adverse 
effects of choledochoduodenostomy may be limited making 
an adequate stoma, at least 2.5 cm in diameter, to avoid 
stasis and cholangitis.*® Moreover, despite the reflux of 
duodenal contents into CBD, no increased incidence of 


Procedures Performed in 119 Patients Before 
Hepaticojejunostomy 


Tane 2 


First Procedure No. of Cases 


Cholecystectomy 77 
Cholecystectomy, choledochotomy and Kehr-tube 1] 
Cholecystectomy and papillostomy 10 
Cholecystectomy and choledochoduodenostomy J 
Cholecystectomy and choledochotomy 5 
Gastrectomy 5 
119 
Subsequent Procedures 
Papillostomy 3] 
Choledochoduodenostomy 19 
Hepaticojejunostomy 14 
Choledochotomy and Kehr-tube 12 
End-to-end anastomosis 2 
T8 
Total 197 


In 12 patients hepaticojejunostomy was performed as first procedure 
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Long-term Results of 80 Patients Submitted to Hepaticojejunostomy 


SS, sss 


CBD Stricture 





CBD Lithiasis Total 





(51 cases) (29 cases) (SO cases) 
No. of cases o; No. of cases t No. of cases c 
Good 40 78.4 23 79 1 63 78.7 
Fair 5 98 3 10.3 8 10 
Poor 6 11.8 3 10.3 9 11.3 





cholangitis in absence of obstruction and stasis is 
reported.™" In addition, the presence of “blind” segment of 
CBD between anastomosis and duodenal papilla is not con- 
sidered of practical surgical significance." 

In spite of these data, the present review shows that 
choledochoduodenostomy is unadvisable because of the 
hazards associated with the pathophysiologic consequences 
of the procedure. Of 131 patients submitted to hepatico- 
jejunostomy, eight had previously a cholecystectomy and 
choledochoduodenostomy and 19 a choledochoduodenos- 
tomy. Of the total of 47 patients who underwent chole- 
dochoduodenostomy in our Clinic before 1960, two died 
(4.5%) and nine (20%) required hepaticojejunostomy, 
Most of these patients developed cholangitis, recurrent 
stones and obstruction of the CBD. Indications for 
choledochoduodenostomy were choledocholithiasis (28 
cases), stricture by surgical injury (12 cases), stenosis of the 
sphincter (four cases), wide CBD stenoses (four cases) and 
chronic pancreatitis (one case). This evidence is in keeping 
with the findings of Jones,’ Olivier,"® and Smith’? who have 


Tanie 4 


stated that choledochoduodenostomy should only be used if 
no other alternative is possible. Consequently, in our ex- 
perience at present choledochoduodenostomy is performed 
only in patients submitted to gastrectomy, in whom 
duodenal loop is excluded from the enteric contents and 
provides excellent protection against reflux. Moreover, an 
end-to-side anastomosis between CBD and duodenum is 
always employed to avoid the so-called sump syndrome in 
that the cul-de-sac accompanying choledochoduodenos- 
tomy is excluded from the biliary flow. 

All the conditions which indicate choledochoduodenos- 
tomy in our opinion may be at best treated with hepa- 
ticojejunostomy or sphincteroplasty. In patients with 
iatrogenic stricture, choledocholithiasis or stenosis at the 
sphincter of Oddi with markedly dilated duct, wide 
stenosis of CBD and choledochal cyst, a routine hepa- 
ticojejunostomy is the procedure of choice. Conversely, 
in patients with choledocholithiasis or stenosis at the 
sphincter of Oddi and diameter of CBD less than 1.5-2 cm 
spincteroplasty is the preferred operation.” In these cases 


Patients Reoperated for Stricture of Hepaticojejunostomy 





Indication for 


Sex Age Previous Operations Hepaticojejunostomy 

F 44 cholecystectomy (1958) stricture of choledocho- 
choledochoduodenostomy duodenostomy 
(1960) 
Kehr-tube (1961) 

F 34 cholecystectomy (1958) biliary fistula 
choledochotomy and Kehr- 
tube (1960) 

M 28 — cholecystectomy (1962) stricture of choledocho- 
choledochotomy and Kehr- duodenostomy 
tube (1963) 
choledochoduodenostomy 
(1963) 

“F 39 cholecystectomy (1964) recurrent lithiasis 

choledochotomy and Kehr- 
tube (1966) 

M 56 cholecystectomy and recurrent lithiasis 
papillostomy (1966) 

F 46 cholecystectomy (1968) stricture of choledocho- 
choledochoduodenostomy duodenostomy 
(1968) 

F 30 cholecystectomy and stricture of choledocho- 
choledochoduodenostomy duodenostomy 
(1968) 

F 55 cholecystectomy (1969) complete excision of CBD 

M 35 cholecystectomy (1970) recurrent lithiasis 


Result After First 
Hepaticojejunostomy 


cholangitis 2 months after 


cholangitis | month after 


cholangitis 6 months after 


cholangitis 1 year after 


cholangitis and stones 
| year after 

cholangitis and biliary 
fistula 4 months after 


cholangitis 5 months after 


cholangitis 8 months after 


cholangitis 1 vear after 


Result After Second 
Hepaticojejunostomy 


died in fifth post-operative 
day for renal hepatic failure 


died in third post-operative 
day for cardiac failure 


symptom-free at | vear 
followup 


symptom-free at 2 years 
followup 


symptom-free at 3 years 
followup 
symptom-free at 3 years 
followup 


symptom-free at 4 years 
followup 


symptom-free at 2 years 
followup 
symptom-free at 2 years 
followup 
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sphincteroplasty provides at the same time: 1) a more 
rationale treatment of papillitis, ampullary stones and 
chronic pancreatitis related to gallstones; 2) an easy and safe 
approach to the CBD for exploration and stone removal; 
and 3) a prevention of the biliary stasis and recurrence of 
stones. However, when a markedly dilated duct is present 
sphincteroplasty is not effective in preventing biliary stasis 
because of the discrepancy between CBD size and papillary 
opening, and therefore hepaticojejunostomy is required. 
In conclusion, several conditions which indicated 
choledochoduodenostomy may be at best treated with 
hepaticojejunostomy, which provides a low mortality (8%) 
and satisfactory long-term results in 89 per cent of the cases. 
It is not adequate treatment for pancreatitis related to 
alcoholism, that should be treated with denervative, 
derivative or resective procedures according to the cir- 
cumstances.” On the basis of accumulated data, a limitation 
of the extent of indications of choledochoduodenostomy 


seems to be advisable. 
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The Ability of an Elemental Diet to Support 


<+; Nutrition and Adagtation in the Short Gut Syndrome 


. 85% 8 éaigrextomy or jejunal biopsy was randomly carried Dut on 
80 male: + Sprague- -Dawley rats, 300-350 gm. After recovesy, rats 
in each’ group-were randomly fed either elemental diet (ED) or 
rat chow, All rats were sacrificed 8 weeks postoperatively- Biop- 
i sied: -Tats -gained more weight with ED than chow (22% vs. 18%; 
p <’ OF): ‘Resection produced greater weight loss than bicpsy (p 
< OL). and: ‘slower gain (p < .01). The failure to gain was most 
marked i in ED rats, significantly less than in the chow group (p 
< 05) by week two. A fall in hemoglobin, protein and abumin 
.Was'seen: neither the fall nor difference between the groups was 
‘significant (p > .05). Enterectomized chow rats ate 22% more 
. tharthejr aay (p < .05), whereas the ED group ate 1-'% less 
{p> 05): Increase in bowel length after resection, equally 
divided ‘between j jejunum and ileum, was 21% with ED aad 26% 
with chow.’Gut diameter after resection increased 104% aad 98% 
with chow and ED, respectively, Villus height increased 35% in 
- the jejunum of both enterectomized groups and 85% ard 78% 
2. with chow and ED, respectively, in the ileum. Changes in gut 
length, diameter and villus height are significant in eact group 
R7 < = but’ not between groups (p > .05). 


i oh ATIL “ ADAPTIVE CHANGES of x2ngth- 

i, sening- of villi, thickening of the intestina wall, 
dilatation of the gut and slowing of motility, have taken 
“place, ‘the patient with short gut syndrome is uneble to 
.. tolerate enteral feeding. Yet Wilmore and associate® have 
— the importance of nutritional support luring 
__ this: adaptive stage, showing an improved survival zate in 
: puppies: whose nutritional needs following massive- bowel 
— were met by intravenous hyperalimentaticn. The 
surviving dogs also demonstrated greater lengthering of 


` villi, wider gut diameter, more hypertrophy and earlier 


consisting 
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cessation of diarrhea in the group initially supported by in- 
travenous hyperalimentation. Techniques of intravenous 
hyperalimentation have enabled many more patients to sur- 
vive the adaptive stage until oral feedings can be tolerated. 
These techniques, however, carry a finite rate of serious 
complications, increasing with lack of familiarity. The 
search for alternate methods of nutritional support therefore 
seem appropriate. 

Voitk and associates? have recently reported on the 
successful use of an elemental diet for nutritional support in 
8 patients with short gut syndrome. The validity of their 
conclusions may be questioned because of the heterogene- 
ity of the small group and the absence of controlled data. 
The relative rarity of the condition along with the wide 
variation in clinical presentation makes an accumulation of 
conclusive clinical data difficult. In laboratory studies, Bury’ 
was unable to demonstrate any advantages of elemental diet 
aver “normal? rat chow during the adaptive phase in 
enterectomized rats. Touloukian and co-workers? dem- 
onstrated decreased weight gain in elemental diet fed 
enterectomized rats when compared to controls. The short 
gut syndrome in this latter study however, was so mild (66% . 
mid-gut resection) that no growth disturbance was evident 
with normal food when compared to’ non-resected rats. 
Growing animals, where adaptation is the norm, were used 
by Wilmore et al., and to some extent by Bury. 

The present study, therefore, was designed to investigate 
the applicability of the elemental diet in the short gut-syn- 
drome using a model more closely simulating the clinical 
situation. A sufficient enterectomy to cause major 
nutritional problems was done, and adult animals were used 
to eliminate the natural ability of adaption present during 
growth and development. | 
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Method 


Eighty male Sprague-Dawley rats weighing 300-350 gm 
were randomly divided into four groups. 

Group I. (Biopsy-chow) A 2 cm jejunal biopsy and end-to- 
end anastomosis were done. Postoperatively the rats were 
fed laboratory rat chow (6% Fat, Rat/Mouse Feed, Teklad 
Inc.) ad lib. 

Group II. (Biopsy-diet) Biopsy similar to Group I was 
done and postoperatively the rats were fed an elemental 
diet (Flexical, Mead-Johnson Co. of Canada) ad lib. 

Group III. (Resection-chow) An 85% enterectomy of 


small gut between ileocecal valve and ligament of Treitz. 


was done with an end-to-end anastomosis between a con- 
stant 5 em length of terminal ileum and a variable length of 
proximal jejunum. Rat chow was fed postoperatively as in 
Group I. . 

Group IV. (Resection-diet) An 85% enterectomy was 
done ds in Group III and elemental diet given as in Group 
II. 

Hemoglobin, albumin and total protein were determined 
at the time of operation and at sacrifice, 8 weeks later. A daily 
record was kept of weight, food and water consumption, 
and amount and character of stool. At sacrifice gut length 
and diatneter were measured and comparative biopsies sub- 
mitted for histologic study. These were opened longi- 
tudinally, pinned to cardboard, fixed in gluteralde- 
hyde, sectioned perpendicularly, stained with hematoxylin 
and eosin and examined microscopically. Villus height was 
determined by the average height of 5 tallest villi in one ar- 
bitrarily chosen high power field. 

Table 1 lists the relative composition of the chow and 
elemental diet. Detailed composition of chow is available on 
request and has been published for Flexical.’ Statistical 
comparisons were done by analysis of variance. 


Results 


-Morbidity and Mortality 


. All animals appeared healthy and showed no sign of 
disease at. the time of operation. Animals showing sub- 
sequent morbidity, or who died, were excluded from the 


-above analyses. In consideration of morbidity and mortality, 


those resulting from errors in technique have been 


Relative Composition of Chow and Elementai Diet 


TABLE 1. 
(Gm % Dry Weight) 

i Chow Diet 
Protein 25.33 9.50 
Fat > 6.35 14.22 
Carbohydrate 28.0 67.31 
Fiber 3.73 0.02 
Moisture 10.80 2.30 
Calories 275.0 432.0 


ELEMENTAL DIET 


221 


excluded. Three animals were destroyed to prevent spread 
of a contagious inner ear infection; these have not been 
included in the mortalities, but have been considered as 
examples of morbidity. All mortality within 48 hours of 
operation has been excluded, assuming this to be related to 
technical aspects of the operative procedure rather than the 
form of nutrition. Intercurrent infections have been in- 
cluded in the consideration of morbidity and, mortality, 


-as it is difficult to differentiate between that infection 


which occurs by chance and that arising because of an 
animal's susceptibility to it, secondary to its nutritional 
state or therapy. Incidence is expressed as: a per 
cent of those animals per group left for consideration: accord- 
ing to the above guide lines (Table 4). 

Guided by by the foregoing attempt to exclude unrelated 
causes of morbidity and mortality, the corrected Jnofbialty - 
(Table 4) is seen to be highest in the elemental diet: feckrats 
both in the biopsy and resected groups. The highest. in: 
cidence of morbidity (88%) occurs in Crue W; ‘resected. 
diet). 

Mortality does not show a similar increase in -Grgup? TT : 
(biopsy-diet), but also has the highest incidences. US%Y in 
Group IV. 

Because of the somewhat arbitrary — pd by 
the effort of correction, no attempt was made to: attach 
statistical significance to these differences. It is of interést: to. 
note that when all morbidity and mortality is, considered, 
regardless of cause and without attempt at cotfegtion; “the ` 
trend noted above persists: the worse prognosis is-still most ` 
markedly seen in Group IV (40% mortality vs 20%: in Group 
III and exactly the same incidence of comparative mor- 


bidity). 


Nutritional 


Weight changes for each group are — in: Fig. ly The 
arrival weights were similar in each group (p > 0. 05) with a 
mean weight of 324 + 1.8 gm for all the rats.“All groups. i,” 
gained an average of 8% over one week beforé operation. : À 
This gain was significant (p < 0.01) and resulted in groups: 
with highly similar immediate preoperative weights (Fig. É; 
p > 0.05; M+ SEM = 336 + 1.5 for all the’ rats). Bothi” 
Group I (biopsy-chow) and Group II (biopsy-diet) rats’ lost: 
8% of their preoperative weight (p < 0.01) by the séednd 3. 
postoperative day and started to gain thereafter. Group. 1 
rats regained their preoperative weights by the second. 
postoperative week, and thereafter continued a steady 
weight gain. At eight weeks the average gain was 18% 
above preoperative weight. 

The pattern of Group II (biopsy-diet) rats was nilar to 
that of Group I except that the weight gain after operation 
was faster and greater than that observed for Group I. This 
difference between the groups became significant (p < 0.01) 
by the 7th postoperative week. They had gained 24% over 
their preoperative weight when killed. 
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Fic,: 1. Weight curves for all groups of rats over the study perioc. Each 
point represents a statistically significant change (p < 0.01) fron that 
before or after within any group, except for the last four weeks for Goups I 
arid: III which have reached a pleateau of very slow gain. Preopeatively 
` there aré no significant differences between the groups. Two days 
postoperatively the biopsied rats (Group I and II) weigh significant more 
than the.resected ones (Groups II and IV; p < 0.01) and this differer=e per- 
sists throughaut: ‘The: difference between Groups I and II does not Become 
significant (p-<:0:01) until day 49, but persists thereafter. Groups II and 
IV become’ ‘significantly different (p < 0.01) by day 14, and this difrence 
also persists. The standard error of the mean is shown only for day 54. That 
_also represents the ‘day when this determination was widest for all groups. 


ats in Groups III (resection-chow) and IV ——— 
Jost 18%- and 15% (p > 0.05), respectively, of their 
‘preoperative “weight by the second postoperative day. Both 
resected Groups reached their lowest mean weight one week 
| after: ‘operation, losing a further 2%, and began to gain sowly 
: théreafter: “Group III (resected-chow) rats had regained 
their: preoperative weight by four weeks after operatior and 
when killed weighed 10% more than their preopextive 
. weight (p’<:0.01). Thus, they had gained 8% less than their 
© controls (Group I; p < 0.01). 

As opposed to the diet fed rats in the biopsy group, v hose 
weights exceeded their chow fed peers, diet fed rats ia the 
resected group (Group IV) showed the poorest weight gain 
of all. They did not reach their preoperative weight until 
the severith postoperative week, and at sacrifice (8 wk had 
_.exceeded it by only 2%, an insignificant difference. Their 
. final weights were significantly less than those of both 
resected- chow (Group III; p < 0.01) and biopsy-diet (Group 
II; p < 0.01) groups. The difference between Groups II. and 
IV became significant (p < 0. 01) by the second post- 
operative week. 

Analysis of food consumption revealed that the pre and 
postoperative food consumption of Group I (biopsy-c1ow) 
rats was similar, and was indistinguishable from that œ the 
preoperative Group III (resected-chow) (p > 0.05). Folow- 
ing resection, however, Group III rats ate 22% more zhan 
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their biopsied peers (Group I; p < 0.01). In contrast to this 
rats offered elemental diet ate 10% less after resection than 
after biopsy. This difference did not appear statistically 
significant (p > 0.05) when considering daily food con- 
sumption, but did begin to assume significance (p < 0.05) if 
total postoperative food consumption was considered. 

The only differences in water consumption noted con- 
sisted of markedly reduced drinking in groups fed the liquid 
elemental diet. Otherwise no difference in the pattern of 
drinking between the groups could be seen. 

By the gross method of inspection to quantitate stool, no 
difference in amount between groups was detected. All 
resected animals showed diarrhea for a few days post- 


operatively, but by one week stool was generally formed. 


Of five resected animals with persistent diarrhea, four were 
in the elemental diet fed group (Group IV). 

Preoperative hemoglobin concentration for all rats was 
17.4+0.9 gm % (M + SD) with no difference between 
groups. By sacrifice the hemoglobin had risen less than 0.05 
gm % in the biopsy groups, fallen less than 0.05 gm % in 
Group III (resection-chow), and fallen 1.2 gm % in Group 
IV. None of these changes within the groups was of 
statistical significance (p > 0.05). The differences between 
groups at sacrifice, however,.were significant. Groups I, II, 
and III did not differ significantly from each other, but 
Group IV (resection-diet) had a significantly lower 
hemoglobin level than both biopsy groups (0.01 < p < 
0.05). The value was just approaching being significantly 
less than Group III (resection-chow), p being slightly 
greater than 5%. 

Serum protein concentration for all rats was 5.9 + 0.5 gm 
% (M + SD) preperatively, with no significant difference 
between the groups. This concentration fell by less than 0.5 
gm % by sacrifice (8 wk) in Groups I, II, and IV, p in each 
case being greater 5%. Group III (resection-chow) rats alone 
saw a significant drop, 5.9 gm % to 5.2 gm % (0.01 < p < 
0.5); the differences between the groups were not statisti- 
cally significant at the time of sacrific. 

Preoperative serum albumin for all rats was 2.1 + 0.3 gm 
% (M + SD) with no difference between the groups. There 
was a non-significant drop in this value in Groups I, II, IV 
and Group III (biopsy-diet) showed an insignificant rise. At 


. sacrifice the only significant difference between groups was 


between albumin values of 1.7 and 2.2 in Groups I (biopsy- 
chow) and II (biopsy-diet), respectively (0.01 < p < 0.05). 

Some of the nutritional changes are summarized in 
Table 2 


Adaptive 


Preoperative length of small gut from ileocecal valve to 
ligament of Treitz was 81 + 10 cm (M + SD), varying 53- 
103. A few rats were not properly fasted, and their full gut 
measured more than empty ones, producing the slight skew. 
There was no difference in length between the groups. 
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Taste 2. Per Cent Change of Nutritional Parameters” 
Hemo- Total 
Weight globin Protein Albumin 

Group I (18) 29 —7 —19 
Group II (24) 17 —8 0 
Group III (10) =I (=12) —22 
Group IV 2 —40 = *9 


° Significant changes (analysis of variance; p < 0.05) within groups 
bracketed. a 
Significance of changes between groups discussed in text. 


Following operation, whether biopsy or 85% enterec- 
tomy, an increase was noted in the bowel length. In the 
biopsy groups the short segments of proximal jejunum only 
were measured. Group I (biopsy-chow) showed an 18% in- 
crease in length, whereas Group II showed a 21% length in- 
crease of the jejunal segment. Length increases of the 
jejunal segments in resected rats were 18% and 26% for 
Groups III and IV, respectively. Total gut length increases 
for Groups II and IV were 21% and 26%, respectively, and 
increases in the ileal segments measured 25% and 21% 
respectively. All these length increases were significant 
within the groups (p < 0.01), but no significance was 
detected in the differences between groups (p > 0.05). 

No significant difference in diameter was detected in non 
resected guts (Groups I and II) whereas the diameter doubled 
(p < 0.01) in all resected animals with no detectable 
difference between Groups IH and IV. There was no ap- 
preciable difference of diameter between jejunum and il- 
eum in any group at any stage. 

Before operation average villus height in the jejunum was 
the same for all groups. Following biopsy a 9% and 20% in- 
crease in villus height of the jejunum was seen with chow 
and diet, respectively. Only the increase with diet (Group 
II) was statistically significant (p < 0.01); there was no 
significant difference in the taller villi between these two 
groups. Following resection, both chow and diet produced a 
60% increase (p < 0.01) in jejunal villus height; this was 
significantly more (p < 0.01) than the increase seen with 
biopsy for both chow and diet. 

Villus height in the ileum was measured for Groups III 
and IV only, Groups I and II undergoing a jejunal and not 
ileal biopsy at operation. For comparison purposes the 
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average preoperative villus height of Groups III and IV was 
used as the control value for Groups I and II. By this deter- 
mination, biopsy produced a 6% increase in ileal villus 
height with chow (p > 0.05) and a 6% decrease (p > 0.05) 
with diet. These differences between the two groups were 
not significant (p > 0.05). Following resection an 84% (p < 
0.01) and 78% (p < 0.01) increase in villus height of the il- 
eum was seen with chow and diet, respectively. The 
difference between these two groups was not significant (p 
> 0.05), but both groups differed Hi gninicanly P < 0.01) 
from the increases in Groups I and II. 

Some of the adaptive changes are care in Table 3. 


Discussion 


The data show that elemental diet can support nutrition | 
in the adaptive phase of the short gut syndrome, but less 
well than normal food (chow). Resected rats fed elemental 
diet lost more weight and gained more slowly than their 
chow-fed counterparts. Although it seemed that in,.this: 
group hemoglobin levels fell more and protein and albumin 
levels less than those of the chow fed group, these changes | 
were not statistically significant. 

Diarrhea seemed to persist longer in the diet fed: group 
with short gut syndrome and these rats also hid the highest 
incidence of morbidity and mortality. Although s some of this 
stems from unrelated causes a rough correlation between 
morbidity and mortality and nutritional status must ‘exist. ` 
Examination of only that morbidity and mortality related to- ` 


difference in diet confirmed that elemental diet fed rats with 


short gut syndrome fared less well than those on: chow,, Nö: 
deaths were directly related to malnutrition: or: ‘starvation: — 

Failure to support nutrition in the short gut syndrome 
does not stem from inferiority of elemental diet as ‘food for . 
rats. Rats subjected to biopsy alone gained significantly : 
more weight when eating elemental diet instead of chow. 
This demonstrates that under “normal’’ circumstances rats 
eat sufficient amounts of elemental diet. -Generally; 
polyphagia is a feature of the short gut syndrome”? and was 
seen in this study in the chow fed rats. Rats with short guts 
fed with elemental diet, however, did not. exhibit 
polyphagia. In fact, they ate less than those subjected to 
biopsy, although this difference only bordered on statistical 
significance. Thus, rats with short guts do not seem either 


TaBLe 3. Per Cent Change of Adaptive Parameters’ 


Gut Length 
Total Jejunum eum 

Group 1 Not (18) Not 

measured measured 
Group II Not (21) Not 

measured measured 
Group III (21) (18) (25) 
Group IV (26) (26) (21) 


Gut Diameter Villus Height 
Jejunum lleum Jejunum lleum 
0 0 9 6t 
0 0 (20) ~6t 
(100) (100) (60) (84) 
(100) (100) (60) (78) 


° Significant changes (analysis of variance; p < 0.05) within group bracketed. Significance of changes between groups discussed in text. 
ł Preoperative control value not obtained; average preoperative value for Groups III and IV used for control (see text). 
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willing or able to consume as much elemental diet as they 
“should” for nutritional support, and may in fact consume 
less than.“‘normal’’ in this situation. The nutritional short- 
comings noted in the elemental diet fed short gut rats are 
related at least in part to the inability or unwillingness of 
resected rats to eat enough diet, rather than to qualitative 
inadequacy of the elemental diet. The mechanism behind 
this decreased dietary intake is not apparent from the pres- 
ent study. Because of unmeasurable but probably signifi- 
cant differences in spillage between the liquid elemental 
diet and solid chow pellets, consumption differences 
between the two dietary groups could not be analysed 
eee 

Adaptive: changes take place with elemental diet, but the 


`- diet offers no- advantage over normal food (chow) in the ex-. 


tent or degree | tọ which they take place. In the normal set- 
ting ‘(biopsy) elemental diet produces more changes in the 
jejuum than in the ileum and jejunal changes are greater 
with ¢lémental diet than chow. Being predigested, elemen- 
tal: diet can, at least theoretically, be totally absorbed high 
“in, the proximal gut, and therefore any changes that are 


wae brought about may reasonably be expected in the proximal 


~bowel. Food requiring digestion and containing wastes may 
bé:expected to bring about effects more evenly distributed 
throughout. the gut. Elemental diet is also hypertonic. 
Bécduse of this it may result in a larger fluid load in the 
_ proximal. bowel, which may explain why the anastomotic 
„Jeaks (two) were limited to elemental diet fed short gut rats. 

“Classically, adaptive changes are limited to or most 
| marked in, the terminal ileum.** In this experiment no 
difference could be discerned between ileal and jejunal 
changes. Similar findings were noted by Touloukian and 
Mitruka.® In-our study this may result from taking biopsies 
less: than 5 cm from the anastomosis; gross inspection at the 
time’ of sacrifice showed more change in the ileum than the 
“duodenum, with progressive distal enlargement. Bury noted 
most ` “marked changes immediately proximal to the 
an anastomosis, without evidence of obstruction.* 

‘vIn: ‘response to biopsy and end-to-end anastomosis, the 


ft jemal segment increased in length equally in both dietary 


‘groups, ‘increase being indistinguishable from that seen 
after-resection. The role of possible obstruction at the 
anastomosis is not clear, for anastomotic diameter was not 
- measured. However, if all changes resulted from obstruc- 
tion, changes in diameter should also be expected. These 
.. were not observed, suggesting that there was no obstruc- 
tion. Changes in response to minimal tissue removal and 
anastomosis have been documented before: Loran and 
Crocker‘ showed that epithelial cell turnover increases and 
‘remains elevated following 10% enterectomy. 

Our study also sheds some indirect light on the stimulus 
for adaptive change. Dowling et al.” have demonstrated that 
dietary bulk alone does not lead to adaptive changes in the 
short gut syndrome. Our study confirms the converse of this, 
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Tase 4. Incidence of Mortality and Morbidity (Corrected)? 
Group I Group I] Group HI Group IV 
Number % Number % Number % Number % 
Morbidity l 6 3 16 l 7 4 33 
Mortality l 6 l 5 0 0 2 15 


° See text for explanation. 


by showing that the absence of bulk (elemental diet) does 

not prevent the appearance of adaptive changes: Doris, 
working in our laboratories’ with a dog preparation of 
simultaneous short gut and short. Thiry-Vella fistula, 
demonstrated the lack of adaptive changes in the fistula and 
concluded that intraluminal contents rather than 
neurohumoral factors were responsible for the adaptive 
changes.? The combination of the above findings? with 
ours suggest that the intraluminal contents responsible for 
adaptive changes are likely to be some of the endogenous 
gastrointestinal secretions in abnormal sites or quantities, 

rather than exogenous dietary components. The latter 
merely allow these changes to come about by providing 
the necessary nutritional building blocks. 

Unfavorable conclusions regarding elemental diet, 
suggested by this study, require qualification before uncon- 
ditional acceptance. We have shown that resected rats did 
not consume “suficient” amounts of elemental diet. This 
situation presumably does not arise in the clinical setting, 
for here it is generally recommended that elemental diet be 
administered at a controlled rate by nasogastric tube.® In 
this experiment full strength diet was used from the outset; 
in clinical practice the gut is allowed to accept this osmotic 
and fluid load by gradual inérements from dilute to full 
strength, and then by a slow increase in volume.’ Further- 
more, elemental diet has been recommended as particularly 
useful in situations where normal food is not tolerated by 
the acutely shortened gut. This was not comparable to the 


experimental situation, where resected rats did not have 


diffculty tolerating chow, and managed to gain weight on 
it. Finally, quite often the clinically encountered short gut 
syndrome is complicated by the loss of terminal ileum and 
ileocecal valve, compounding problems of diarrhea, fluid 
and electrolyte balance and absorption of fat and bile salts. 
Terminal ileum and ileocecal valve were retained in this. 
model in order to prevent excessive deaths from diarrhea 
and to enable the study of adaptive changes in the terminal 
ileum where they have been described as most marked. 
Nonetheless these differences between the model and the 
clinical setting are minimal and the model is a satisfactory 
approximation of the clinical situation being tested. 
Therefore the results of this experiment give some real. 
cause for hesitancy in recommending the use of elemental 
diet in the adaptive stage of the short gut syndrome. Such 


recommendations are based largely on anecdotal and un- 
_ controlled experience with heterogenous patients.® 


This: 
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study serves to point out the suitability and importance of 

the laboratory in checking out initial clinical impressions as 

well as the need for controlled clinical trials before a new 

mode of therapy can be advocated with certainty. Further 

studies with alterations of the described model should be 

undertaken while the results of controlled clinical trials of 
this relatively rare entity are awaited. 


Conclusions 


T Elemental diet can support rats wiin short gut syn- 
drome. 

2. Nutritionally it is — to — food (chow) in this 
setting, although superior-in the normal (biopsy) situation. 

3. Elemental diet offers no advantages over normal food 
in bringing about adaptive changes. 

4, These findings seem related to the refusal of resected 
rats to ingest “sufficient” amounts of diet. 

5. Intraluminal dietary factors, particularly dietary bulk, 
do not seem to stimulate or to determine the degree of 
adaptive changes. 

6. There is reason to question the usefulness of elemental 
diet in clinical short gut syndrome; further experimental 
and clinical studies are warranted. 
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‘The Differentiation of Primary Hyperparathyroidism From 
the Hypercalcemia of Malignancy 


aati E NORMAN B. ACKERMAN, M.D., Ph.D.* NATHANIEL WINER, M.D. 
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The presence of hypercalcemia in patients with known zancers 
may. be due to the cancers themselves, or to co- existing arimary 
hyperparathyroidism. The differentiation of primary hyper- 
paratliyroidism. from the hypercalcemia of malignancy is impor- 
tant sitive the-relief of distressing symptoms and preveation of 
hypercalcemni¢ crises and renal failure can be accomplished 
relatively; edsily.by parathyroid surgery in the former coadition, 
and only. with difficulty, at times, with fluids and drugs in the 
latter condition.: The histories of three recent patients are 
presented; which demonstrate the difficulties inheren- in the 
differentiation of these conditions. These patients were ul- 
timately found at operation to have primary hyper- 
parathyroidism in addition to malignancies of the cervix, 
adrenal gland and kidney. In our experience the followñg have 
been helpful in establishing a diagnosis: history of hyper- 
_calcemia prior to development of cancer, the type of cancer 
itself, the effect of cancer therapy on the hypercalcemia, and 
selective’ venous sampling with radioimmunoassay for 
| oro Bormone, 


ANETHE MANAG EMENT OF PATIENTS with hypercalcemia one 
peer ‘differentiate between parathyroid adenema or 
J ‘hyperplasia and a variety of other diseases that caa cause 
| elevations i in serum calcium. It is known that certain 2ancers 
cah produce hypercalcemia in individual patients end this 
_ has been termed the hypercalcemia of malignancy, 
| pseudohyperparathyroidism or ectopic hyperparathy-oidism. 
The differential between primary hyperparathyzoidism 
and. hypercalcemia of malignancy can be very difficult 
since the carcinoma may be occult. This diffrential 
diagnosis’ must be considered even in patients with a 
known Cancer. In other words, in the patient with an 
active cancer and hypercalcemia, is the elevated zalcium 
due to the cancer or to a coexisting parathyroid ad2noma? 
This is not merely an academic question. The synptoms 
caused by the high calcium levels may cause the patient 
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great discomfort and may actually be more immediately life 
threatening, at times, than the cancer itself. There are 
reports of patients with neoplastic diseases dying as a result 
of hyperparathyroid crises due to uncontrollable hyper- 
calcemia. 

The management of hypercalcemia of malignancy and 
primary hyperparathyroidism is obviously very different. In 
the former, fluid and drug therapy are often successful in 
managing the hypercalcemia, but in many patients 
management is extremely difficult. In the latter, operative 
exploration for primary parathyroid disease is generally 
successful and there are relatively few complications. With 
the low risks involved, operative explorations can be per- 
formed even in patients with debilitating diseases and in 
those in the later stages of cancer. We have had three 
patients recently with active cancers and coexisting primary 
hyperparathyroid disease. The management of these 
patients illustrates the problems involved in these con- 
ditions as well as an approach to the differential diagnosis. 


Case Reports 


Case No. 1: This 57-year-old female was admitted to the hospital on 
December 19, 1971 with a 5 month history of vaginal bleeding. Biopsies 
taken in the out-patient clinic several weeks earlier established the 
diagnosis of carcinoma of the cervix, Class II-B. The patient was also noted 
to be hypertensive. Among her other laboratory studies, the serum calcium 
was >15 mg%, phosphate was 1.4 mg%, and the alkaline phosphatase was 
92.° An SMA-12 two months earlier in the clinic also showed a calcium of 
>15 mg%, a phosphate of 2.2 mg% and an alkaline phosphatase of 107. 
The carcinoma was treated by radium implantation. 

The patient was re-admitted to the hospital on September 15, 1972 with 
a complaint of low back pain, easy fatiguability, and constipation. She also 


° Normal values at this hospital: calcium 8.5 to 10.5 mg.%, phosphate 
2.5 to 4.5 mg.%, alkaline phosphatase 30 to 85 International units. 
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gave a history, as this time, of duodenal ulcer disease five years earlier. 
While she continued to have vaginal discharge, pelvic exams revealed only 
that which was considered a mild fibrosis of the vaginal cuff, felt to be due 
to radiation. Repeated serum calcium determinations during this time 
ranged 14.3-15 mg% and serum phosphate levels ranged 1.2-2.1%. With 
the presumptive diagnosis of primary hyperparathyroidism in this patient, 
a neck exploration was performed on September 28, 1972. A parathyroid 
adenoma weighing 1.2 gm was found at the lower left pole of the thyroid 
gland and was exciséd. Serum calcium levels rapidly dropped to the normal 
range, and when the patient was seen in the out-patient clinic during the 
next few months the serum calcium levels varied from 8.8 to 9.4 mg %. The 
patient noted improvement of the back pain and generally felt better. 
However, two months after parathyroid surgery she was re-admitted 
because of an obvious rectovaginal fistula. An abdominal exploration was 
carried out and considerable fibrosis and scarring were present in the 
pelvis. Numerous biopsies revealed only inflammed collagenous connective 
tissue, although a recurrence of the malignancy was strongly suspected. A 
diverting colostomy wes performed. The patient was discharged in 
relatively good condition but returned to the hospital two months later in a 
moribund condition and expired. The patient’s abdomen was markedly 
distended at the time of death, and although no autopsy was performed, it 
was obvious, clinically, that’ the patient had succumbed to her recurrent 
carcinoma. Serum calcium at the time of death was 7.4 mg%. 


| Comment 


This patient lived for only four months after the 
parathyroid operation but had significant improvement of 
symptoms to justify this procedure. The presumptive 
diagnosis of primary hyperparathyroidism rather than 
hypercalcemia of malignancy was made because the patient 
had carcinoma of the cervix which does not commonly 
cause hypercalcemia, although there are several known in- 
stances of this occurring. In addition, the serum calcium 
levels did not drop to normal or near normal levels during 
the course of treatment of the cancer. At the time of the 
parathyroid operation, thé cervical cancer appeared to be 
well controlled, but the calcium levels remained in an 
elevated range. Serum calcium levels of 14 or 15 mg% are 
potentially dangerous and parathyroid surgery could be 
justified even if the patient had been asymptomatic. 


Case No. 2. This 36-year-old woman was admitted to the hospital on 
January 20, 1973 because of persistent hypertension. She had a 8 month 
history of diabetes and her weight had increased during the past few years 
from 135 to 200 pounds. On examination, her blood pressure was 240/160 
and she appeared to have truncal obesity with a moon facies. Of 
significance in her laboratory tests was a generally. low serum potassium, 
and elevated 17-hydroxy and17-ketosteroid levels. Repeated serum calcium 
determinations during this time ranged from 9.2 to 10.8 mg% and 
phosphate from 2.8 to 4.5 mg%. Elevated plasma cortisol levels, lack of 
suppression of steroid values with dexamethasone administration, un- 
responsiveness to ACTH stimulation, and evidence of an enlarged left 
adrenal gland on arteriography suggested Cushing’ s syndrome secondary 
to an adrenal tumor. 

She was discharged from the hospital after this workup and was re- 
admitted on April 15, 1973 for further testing and definitive surgery. 
Adrenal venography was performed and the left adrenal vein appeared to 
be markedly enlarged with hypervascularity of the adrenal. Attempts to 
catheterize the right adrenal vein were unsuccessful. Two of three serum 
calcium determinations at this time were elevated slightly, as high as 10.8 
mg%. On April 25, 1978, an abdominal exploration was performed reveal- 
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ing bilateral adenocarcinoma of the adrenals. A bilateral adrenalectomy 


-was performed and a solitary metastatic nodule was excised from the liver. 


The patient tolerated surgery well and serum cortisol levels dropped below 
normal, postoperatively, although there was still serum cortisol present 
without administration of exogenous steroids. One serum calċium deter- 
mination was obtained postoperatively and was 8.4 mg%. The patient was 
discharged on the thirteenth postoperative day, on medications including 
cortisone, 50 mg per day, which was later changed to prednisone, 10 mg 
per day. 

The patient was re-admitted to the hospital on May 20, 1973 for. a trial of 
therapy ono p' DDD. One serum calcium determination at this time was 
10.4 mg%. She was discharged in ll days but readmitted on June 27, 1978 
because of vomiting, weakness, malaise, pain in her shoulder ‘and a ‘marked 
depression. Serum calcium levels at the time of this admission were >15 
mg% and the alkaline phosphatase was also elevated. Plasma cortisol levels 
were at the upper limit of normal initially, but were found to be elevated 
later during this admission. Repeated serum calcium levels ranged from _ 
11.5 to 15.2 mg% but gradually returned to normal levels of 9:9 mg% 
without therapy at time of discharge on August, 1973. A review of the 
patient's past records, revealed that she had high serum calcium levels in- 
termittently over the previous four years, including a level of 11.7- mg% in’ 
April 1969. 

She was again admitted to the hospital on August 21, 1973 because of 
continued nausea and vorniting, pain in the right shoulder, ‘témporal 
headaches, general malaise and weakness, and extreme depression "Seruni 
calcium at time of admission was 14.7 mg% and phosphate was 2.6 mg %. 
The serum alkaline phosphatase was again elevated. Durinį the subse- 
quent days, calcium levels rose as high as 17.4 mg%. These levels were con- . 
trolled at first, with great difficulty, using massive infusions of Huids and 
sodium phosphate solutions. Although calcium levels dropped as low as 8.4 
mg% during therapy, normal levels were extremely difficult to maintain: 
Because of the possibility of primary hyperparathyroidism, a neck explora- 
tion was performed’ on September 18, 1973. A small parathyroid ‘tumor 
weighing 98 mg was discovered at the inferior pole of the right thyroid 
lobe, and was excised. Postoperatively, the calcium and phosphate levels 
returned to normal, although the alkaline phosphatase remained elevated, 
The patient had a dramatic response clinically, with marked relief of symp- ` 
toms. Whereas preoperatively she had been emotionally: depressed: to the 
extent of becoming almost totally uncommunicative, postoperatively, 
within a few days, the patient was alert and cheerful. When seen. in ‘the. out- 
patient clinic on January 29, 1974, the serum calcium level was 16; 1 mg% : 
and the phosphate level was 5.0 mg%. oe, S e 
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Comment 


This patient presented us with a difficult diagnostic | 
problem. Although this is a rare tumor, there has been one 
report of a patient with adenocarcinoma of the adrenals, 
causing hypercalcemia.” In addition, it is very: likely that 
this patient had additional metastatic cancer at the time of 
adrenalectomy. The ` decision to explore the neck . for 
parathyroid disease was made, in part, on the history’ of 
elevated serum calcium levels as early as four years before 
discovery of her adrenal carcinoma. We were also impressed 
that there was only a transient response of the elevated 
calcium levels to the adrenal tumor surgery, at which time 
the bulk of the malignant tissue was removed. We felt that 
although the adrenal operation was not curative, all of the 
apparent tumor, including one liver nodule was removed 
and that a drop in calcium level, for a moderate period of 
time, would have been expected if the tumor was directly 
responsible for the hypercalcemia. In addition, there is 
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another somewhat confusing factor involved. Adrenal 
steroids are often used to control hypercalcemia due to 
pseudohyperparathyroidism. This patient was producing, 
endogenously, high levels of adrenal steroids, but still main- 
tained- exéeptionally high levels of serum calcium. Patients 
with Cushing’s syndrome, even when caused by adrenal 
carcinoma, genérally’ have normal or low serum calcium 
levels.’* In ‘fact, 
adrenalectomy in Cushing's syndrome may give rise to 
hypercalcemia. Primary hyperparathyroidism usually does 


not respond to the administration of adrenal steroids. We 


„felt that there was a strong possibility that a parathyroid 
2 gland was hypersecreting independently, causing the 
_.velevated serum calcium levels. The operation was successful 
and the symptomatic response was remarkable. 

AAR: Additional factor concerning this patient should be 
menfionéd:..Pal oyan has suggested that the chronic use of 
thiazide: preparations for treating hypertension may en- 
courage ‘the: “development of hyperparathyroidism.’® This 
: patient was ‘treated with hydrochlorothiazide; however, she 
‘cultirhately- developed symptoms commonly seen in hyper- 
parathyxdidisin: ; particularly musculoskeletal pain and 
"depression, and, these responded well to the excision of the 
parathyroid tumor. In Paloyan’s experience, patients with 
prolonged thidzide administration and hypercalcemia did 
not suffer from the common complications of hyper- 
parathyroidism. 

This patient has already had adrenal and parathyroid dis- 
eases, possibly representing components of the multiple en- 
docrine adenomatosis syndrome. She has not manifested 
“Signs of other endocrine disease up to this time. 


Case No. 3. This patient, a 43-year-old female, was admitted to the 
— on February 10, 1973 with a complaint of headaches, hyperten- 
"sign, ‘and a right abdominal mass. An intravenous pyelogram performed 
. y before the patient was admitted to the hospital revealed a markedly enlarged 
a right Kidney. "The serum calcium level at time of admission was 12.1 
DEK: rand: the: phosphate was 2.8 mg%, A repeat serum calcium was 12.4 
mee several days later. A right renal arteriogram showed a huge right 
serial mass with tumor staining arid stretching of the vessels, suggesting a 
3 Aarcinoma. A metastatic roentgenographic survey and brain, lung, and 
x Tver scans Were all normal. A right nephrectomy was carried out on 

. February 15. 1978. While there was no evidence of capsule invasion or any 

‘lymph nods invasion, and the renal vein was free of tumor, microscopic 

“sections ‘of this well-differentiated adenocarcinoma demonstrated some 

“tumor. cells in the small blood vessels and one small renal calyx showed 
$ 'séme invasion. On the day after surgery the serum calcium dropped to 9.7 
E - mg% but rose on the following day to 11.0 mg% and ranged during the 
` néxť week from 11.0 to 12.8 mg.% 

"~ Fhe patient remained well, without therapy, for about eight months but 
again was admitted to the hospital on October 24, 1973 because of a 4 cm 
mass in the subcutaneous area of the right flank, in the site of the 
previous incision. The metastatic x-ray survey was negative at this time. 
A repeat liver scan was interpreted as questionable for metastatic 


disease. Serum calcium on admission was 12.4 mg% and serum phosphate 


was 2.6 mg%. On October 25, 1973, the mass was excised and histologic 
examination showed a local recurrence of the same tumor. The serum 
calcium levels remained elevated postoperatively, ranging from 10.9 to 
12.1 mg%. 
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Although the patient remained essentially asymptomatic in relation to 
her hypercalcemia, several radioimmunoassays for parathyroid hormone 
were performed during the next few months. An assay performed on Oc- 
tober 29, 1978, using peripheral blood revealed a parathyroid hormone 
level of 180,° which was considered to be inappropriately elevated in rela- 
tion to the serum calcium level. Selective venous sampling was carried out 
in December 1973 and revealed increased concentrations of parathyroid 
hormone in the superior vena cava and right innominate vein n compared to 
other sites. 

On February 20, 1974, the patient was admitted for the third time 
because of another recurrent mass in the right fank and also for an ex- 
plorative operation of the neck for primary parathyroid disease. The serum 
calcium level at admission was 12.0 mg% and the serum phosphate was 2.6 
mg%. On the following day, February 21, 1974, a parathyroid exploration 
was performed and a 1.6 gm parathyroid adénoma was removed from the 
left lower pole of the thyroid gland. In addition the nodule in the right 
flank, measuring 5 X 4 X 4 cm was excised. This again proved. to be 
recurrent renal tumor. The patient has done well postoperatively and 
serum calcium levels have remained normal since the day after surgery, 
ranging from 8.7 to 9.9 mg%. 


Comment 


This patient also presented us with a difficult diagnostic 
problem. On the one hand, renal cell carcinomas are one of 
the two most common tumors known to produce hyper- 
calcemia of malignancy. However, we were influenced by 
the fact that there was no response in the calcium level to 
nephrectomy, which at the time was felt to be a curative 
operation. At the second operation, with removal of the 
known metastatic lesion, there was again no response in the 
serum calcium levels. Finally, radioimmunoassayable 
parathyroid hormone was elevated in the peripheral blood 
and, of even greater importance, the highest concentration 
of parathyroid hormone appeared to be in the veins drain- 
ing the neck region. We felt these findings justified explora- 
tion of the neck, even in a patient who was asymptomatic. 
Serum calcium levels of over 12 mg% are potentially 
dangerous and acute rises may lead to hypercalcemiic crisis 
in such patients. In addition, we were concerned with 
protecting her remaining kidney from the development of 
nephrocalcinosis or nephrolithiasis, which could ultimately 
result in renal failure. 

Discussion 

It is well established ‘that certain types of cancer can 
cause elevations in the levels of serum calcium (Table 1). 
There appear to be two mechanisms involved in the hyper- 
calcemia: 1) destruction of bone by metastatic growth, and 
2) production of a parathyroid hormone-like substance or 
Vitamin D-like sterol by the tumor itself. The most common ` 
cancer to produce hypercalcemia by bone destruction is 
cancer of the breast. This is not a rare phenomenon. Davis,° 
in his study encompassing 305 patients with cancer of the 
breast noted hypercalcemia in 22 patients or 7.2%. The in- 
cidence may even be higher, as suggested by Muggia," 
who quoted a figure of 10-25% of patients with breast 





° Normal in this laboratory up to 200 units, 
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eancer. This can occur relatively abruptly in these patients, 
sometimes after the administration of hormonal therapy, 
either androgens, estrogens or both.” Multiple myeloma is 
also known to produce extensive bone destruction with an 
accompanying hypercalcemia. Hypercalcemia can be seen 
with other types of cancers in situations where bone 
metastases-are present. This may also be the mechanism of 
hypercalcemia seen occasionally in lymphomas or 
leukemias, possibly due to wide-spread bone marrow in- 
volvement which may — result in destructive 
skeletal lesions. 


Until recently there has been only indirect evidence of a 
clinical nature to suspect that cancers are able to produce a 
hormone-like substance. There are several criteria listed by 
Sherwood” that would suggest the presence of this sub- 
stance in patients with cancers. These are: 1) absence of 
skeletal metastases; 2) low serum phosphate; 3) normal 
parathyroid glands at surgery of autopsy; 4) a fall in serum 
calcium levels after removal of the cancer; and 5) an in- 
crease of calcium levels with recurrence of the cancer. 
While not all of these criteria must be met, and thete is ac- 
tually some question as to the validity of some, a combina- 
tion of several of these will strongly suggest the possibility 
that the cancer itself is responsible for the hypercalcemia. 


Cancers of the lung and renal cell carcinomas are by far 
the most common tumors to produce this effect. These 
tumors represent at least 60% of the cases producing the 
syndrome of hypercalcemia: of malignancy, as noted by 
Lafferty. Bender’ studied 200 patients with lung cancer in 
a prospective manner and found that 25 patients (12.5%) 
developed hypercalcemia at some stage of their disease. By 
cell type, 23% of patients with epidermoid carcinoma had 
elevated serum calcium levels, 12.7% of patients with large- 
cell anaplastic cancer, 2.5% of those with adenocarcinoma, 
and none of those with small cell cancers. Of these 25 
patients, 14 had an absence of bone metastases, including 
12 with epidermoid carcinoma and 2 with large-cell 
anaplastic cancer. 


A group of 118 patients with renal cell carcinoma were 
studied by Warren.“ Of these 15 (13%) had elevated 
calcium levels before the operation. General summaries of 


‘the types of cancers causing hypercalcemia of malignancy 


have been published in the last ten years by Goldberg,’ 
Lalferty, 3 Omenn,’® and Ariyaii.2 It has been noted by 


. several authors that squamous cell cancers are often respon- 


sible for hypercalcemia, including head and neck tumors. A 
group of nine patients with these tumors and hypercalcemia 
were recently described by Ariyan? and another group of 5 
patients was reported by Terz.” Other squamous cell car- 
cinomas that have, on occasion, produced hypercalcemia of 
malignancy include cancers of the bladder, cervix, esophagus, 
vulva, and penis. There are, in addition, individual case 


reports of patients with other cancers which have produced © 
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the clinical picture of Taala of malignancy 
(Table 1). 

Considerable efforts have been expended during the past 
10 years to isolate a parathyroid hormone-like*substance 
produced by these cancers. The development: ‘of the 
technique for measurement of parathyroid hormones by 
radioimmunoassay has helped; but the overall picture is still 


. somewhat confused. It appears at this point that the para- 


thyroid hormone circulating irl patients with primary 
Arnaud‘. 
believes there is evidence of at least three circulating forms- 
of immunoreactive parathyroid hormones in patients | witha: 


primary hyperparathyroid disease. He was able tọ meastire-” 
serum parathyroid hormone levels in patierits: with hyper: =., 


calcemia of malignancy, but these levels were lower than 
those found in patients with primary hyperparathyroidisrh. 
He felt this might be due to an alteration in the-ratio: of. im- 
munoreactive forms of circulating parathyroid ; horitiones i in 
the two conditions.* In contrast, Powell-and™ associates" 

were completely unable to detect parathyroid. ‘borinortes- in : 
the blood or tumor tissues of patients with; hyperealceritia of: 


. 
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Taske l. Cancers Causing Hypercalcemia loni r5 





À. Caused by metastatic destruction of bone a 
Breast cancer-—most common 
Multiple myeloma 
Lymphoma and leukemia (?) 


B. Caused by parathyroid hormone-like substances 
1. Most common 


Lung cancer—especially epidermoid PEAN 
Renal cell carcinoma ae 


9. Less common 


Head and neck cancer 
Ovarian cancer 


Hepatoma T i pere E ee 
Pancreatic cancer OR Y Malt, 
Bladder cancer ETE 
Endometrial cancer —— 


Lymphomas wee ee. 
3. Isolated case reports 


Esophageal cancer 
Colon cancer 
Rectal canter 
Cervical cancer — ge 
Vulvar cancer a 
Uterine Leiomyosarcoma 
Cancer of the penis 

Prostatic cancer 

Adrenal cancer 

Melanoma 

Hemagiopericytoma 

Branchial rest cancer 

Parotid cancer 

Breast cancer 

Mammary dysplasia 
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malignancy, but they were able to show that extracts of 
these tumor tissues caused active calcium resorption from 
bone in vitro. Again, in contrast, Sherwood”! was —ble to 
‘detect measurable levels of parathyroid hormone in 7 
- patients ‘but not in an additional 6 hypercalcemic patients 
with cancer. Measurable levels in the 7 patients were below 
those of patients with parathyroid adenomas. He felt that a 
low concentration of hormone was produced by the tumors, 
but: that, the generally large size of the cancers woul-] com- 
pensate: for the low concentration. 

: 2 Most: investigators in this field have felt that the 
neck ania. of calcium elevation i is not a simple one. Roof” 
felti- ‘that hypercalcemia of malignancy may be asscciated 
with-twa@ or more types of parathyroid hormones. These in- 
“clude * gne “which cannot be distinguished from rormal 
parathyroid: hormone, one which differs immunologically 
front formal parathyroid hormione, and possibly a thi d hor- 
mone with a higher ratio of immunologic to cacium- 
incréasing activity. Riggs and associates” felt that either the 
. parathyroid hormone of hypercalcemia of malignancy may 
be -different fromthe parathyroid hormone of p-imary 
hyperpatathyroidism, or more likely, that the immurvreac- 
tive material in the serum of patients with hypercalcenia of 
malignancy is a precursor or an intermediate form of the 
normally secreted hormone. Powell and associates have 
suggested the. possibility that a humoral substance other 
than parathyroid hormone, perhaps a Vitamin D-like-sterol, 
may be responsible for the hypercalcemia of malig aancy. 
Obviously, there appears to be more investigative work 
necessary for complete understanding of the in=olved 
mechanisms. Throughout the country, there are con- 
siderable differences in laboratories as to the abiity to 
detect measurable hormone levels in patients with ayper- 
calcemia of malignancy. If one uses the services of one of 
_these laboratories, one, therefore, must know the 
“capabilities of the individual laboratory in interpreting 
the results. Riggs and associates’ have perhaps be=n the 
most successful in distinguishing between hypercalce-nia of 
malignancy and primary hyperparathyroidism, anc have 
been able to diagnose 16 of 18 patients with the former con- 
dition by radioimmunoassay. 

`.. . As poirited out earlier, the establishment of the diferen- 
gale diagnosis between primary hyperparathyroidisra and 
hypercalcemia of malignancy is important clinicall-, and 
the problem is not at all rare. Farr and associafs® at 
Memorial Hospital have recently written about 100 pz tients 
with cancer and primary hyperparathyroidism; of these, 29 
patients had active cancer at the same time as pāmary 
parathyroid disease. As one becomes more aware >f the 
possibility of hypercalcemia causing moderate and :evere 
symptoms in patients with cancer, undoubtedly more 
patients with this syndrome will be discovered. Altaough 
we would expect that a more highly refined form of radioim- 
munoassay would ultimately permit differentiation be-ween 
the two conditions, these tests are still in a developraental 
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stage, and one has to rely on other means of making a 
definitive diagnosis. 

Lafferty"? suggested that certain aspects of the patient’s 
history and certain laboratory tests might be helpful in 
differentiating between primary hyperparathyroidism and 
hypercalcemia of malignancy. He observed that the hyper- 
calcemia was of more rapid onset in malignancy than in the 
primary parathyroid disease. He also noted that renal dis- 
ease and osteitis fibrosa cystica were more common in 
patients with primary parathyroid disease. However, none 
of these are absolutes and they probably have value in only a 
limited number of patients. ‘Lafferty’? also noted that the 
serum calcium levels were more frequently above 14 mg% 
in patients with hypercalcemia of malignancy, that anemia 
was more common in these patients, that the serum chloride 
levels were lower, and that these patients responded to the 
administration of adrenal steroids to a greater extent than 
patients with primary hyperparathyroidism. Again, excep- 
tions to these criteria are so frequent that we have felt that 
they have only limited usefulness. Lafferty’ admitted that 
such tests as serum phosphate, serum uric acid levels, 
tubular reabsorption of phosphorus, and calcium infusion 
tests had little or no value in differentiating between the two 
conditions. Others have pointed out that the serum 
phosphate levels are commonly high in patients with hyper- 
calcemia due to metastatic bone. destruction, whereas low 
normal levels or low levels of phosphate are seen in patients 
with primary hyperparathyroidism and parathyroid 
hormone-secreting malignancies. 

In establishing a practical modus operandum for making 
a differential diagnosis in patients with cancer and hyper- 
calcemia we have found the following points to be more 
useful than the criteria of Lafferty: 

1) A history of hypercalcemia prior to the development 
of the malignancy. With the extensive use of the SMA-12 
there are many records of patients with prior serum calcium 
determinations. In some patients, slight or inconsistent 
elevations of serum calcium may have been overlooked. 
This is somewhat similar to the situation of a patient with a 
pulmonary lesion, where one can compare the findings on 
present chest x-ray films with those films taken in the past. 
The presence of one or two slightly elevated serum calcium 
levels, which might not have been further investigated, may 
render the diagnosis of hypercalcemia of malignancy | less. 
likely. 

2) The type of cancer itself is of considerable importance 
in making the differential diagnosis. If the patient had, for 
example, a carcinoma of the stomach, the possibility of 
hypercalcemia of malignancy would be less likely since this 
cancer has not yet been described as one of those producing 
this syndrome. If, on the other hand, one is dealing with a 
patient with a renal cell carcinoma, hypercalcemia of 


malignancy is more likely, although, as in the case of our 


third patient, this does not rule out the possibility of a 
primary hyperparathyroidism. In working with these 
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patients one should be aware of the types of.cancer which 
are most commonly associated with hypercalcemia of 
malignancy. 

8) The effect of surgery or other types of treatment on the 
elevated serum calcium levels is of great importance. If the 
cancer, either the primary or recurrent tumor, is treated 
adequately, the elevated serum calcium levels should fall 
significantly in most patients with hypercalcemia of 
malignancy. This is notan absolute, as noted by Warren” in 
some of his patients with renal cell carcinomas. However, if 
there is a positive response, one can conclude that hyper- 
calcemia of malignancy was present. If there is no signifi- 
cant or long-lasting response, there is the possibility that 
either significant metastatic disease is present, which should 
lead to further investigation, or the patient may have 
primary hyperparathyroidism. 

4) If a diagnosis cannot be made definitively on the basis 
of the above criteria, specific. testing for primary hyper- 
parathyroidism should be performed. As noted recently by 
Ackerman and Winer,’ most of the standard tests for localiz- 
ing primary parathyroid disease have been generally un- 
successful. However, selective venous sampling with 
radioimmunoassays performed on blood from the large 
veins of the neck and mediastinum appears to have had a 
relatively high rate of success recently, as noted by Powell.” 
In these studies, blood from the internal jugular vein, in- 
nominate veins, and superior vena cava were obtained and 
tested. This test may even be more accurate if carried out in 
combination with superior and inferior thyroid 
arteriography and venography, and venous sampling of the 
thyroid veins themselves, as noted by Doppman.’ These 
tests require the assistance of an individual skillful in selec- 
tive angiography and a laboratory equipped to do radioim- 
munoassay for parathyroid hormone. However, the tests can 
be extremely helpful in situations where the definitive 
diagnosis is still ambiguous, as in our third case. 

There is one additional situation that is, fortunately, 
probably quite rare. This is in the patient who has hyper- 
calcemia due to both primary hyperparathyroidism and 
malignancy occurring simultaneously. A probable situation 
of this type occurred in the patient described by Hodgkin- 
son, where a parathyroid adenoma was excised and the 
calcium levels remained elevated. The patient died a month 
' later.with a carcinoma of the renal pelvis. It is fortunate that 
the co-existence of these two syndromes is rare, since merely 
differentiating between them is itself highly challenging. 


References 


1. Ackerman, N. B. and Winer, N.: Evaluation of Methods for Localizing 
Parathyroid Tumors. Am. J. Surg., 122;669, 1971. 


PRIMARY HYPERPARATHYROIDISM 
2. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


. Arnaud, C. D.: 


. Doppman, J. L., Wells, $. A., Shimkin, P. M., 


231 
Ariyan, S.., Farber, L. R, Hamilton, B. P. and Papac, R. J: 


Pseudohyperparathyroidism in Head and Neck Tumors. Cancer, 
33:159, 1974. 


. Arnaud, C. D.: Parathyroid Hormone: Coming of ‘Age in Clinical 


Medicine. Am. J. Med., 55:577, 1973. 


Immunochemical Heterogeneity of . Circulating l 
Parathyroid Hormone in Man: Sequel to an Original Ọbservation 
by Berson and Yalow. Mt. Sinai J. Med., 40:422, 1673. 


. Bender, R. A. and Hansen, H.: Hypercalcemia in Bronchogenic Car- 


cinoma. A Prospective Study of 200 Patients. Ann.’ Ent, Mess 
80:205, 1974. 


. Davis, H. L., Jr, Wiseley, A. N.., Ramirez, G. and nsf * ye 


Hypercalcemia Complicating Breast Cancer. Clinical Tre ande v 
Management. Oncology, 28:126, 1973. — — 
et. al: “Pitathyroid 


Localization by Angiographic Techniques in Patients with; ‘Previdus 
Neck Surgery. Br. J. Radiol., 46:403, 1973. wget SOG 


8. Farr, H. W., Fahey, T. J., Jr., Nash, A. G. and Farr, C, We Primary s 


Hyperparathyroidism and Cancer. Am. J. Surg., 126: 599," “1978s 


. Goldberg, M. F., Tashjian, A. H., Jr., Order, S. E. and Damrnin: ¢ Gifs. 


Renal Adenocarcinoma Containing a Parathyroid Hornos Like 
Substance and Associated with Marked Hypercalcemia. am J 
Med., 36:805, 1964. 


. Hodgkinson, A.: Hyperparathyroidism and Cancer. Br. Med. J., 2: 444, 


1964. 


. Jorgensen, H.: Hypercalcemia in Adrenal Insufficiency: / Acta ied 


Scand., 193:175, 1973. 


Katz, A., Kaplan, L., Massry, S. G., et al.: Primary" ae 
parathyroidism in Patients with Breast Carcinoma. Arch. one 
101:582, 1970. 


. Lafferty, F. W.: Pseudohyperparathyroidism. Medicine, 45: :247, 1966. 
. Muggia, F. M. and Heinemann, H. A.: J— Associäted 


with Neoplastic Disease. Ann. Int. Med., 73:281, 1970. 


Omenn, G. S.; Roth, S. I. and Baker, W. H.: Honeria hron 
Associated with Malignant Tumors of Nonparathyroid Origin. 
Cancer, 24:1004, 1969. 


Paloyan, E., Forland, F. and Pickleman, J. R.: Hyperparathyroidism 
Coexisting with Hypertension and Prolonged Thiazide Administra- 
tion. JAMA, 210:1243, 1969. 


Powell, D., Murray, T. M., Pollard, J. J., et al.: Parathyroid Localiza- 
tion Using Venous Catheterization and Radioimmunoassay. Areh. 
Int. Med., 131:645, 1973. - 


Powell, D., Singer, F. R, Murray, T. M., et al.: Nonparathyroid = 
Humoral Hypercalcemia in Patients with Neoplastic Diseases. N. 
Engl. J. Med., 289:176, 1973. 


Riggs, B. L., Arnaud, C. D., Reynolds, J. C. and Smith, L. ne Im- 
munologic Differentiation of Primary Hyperparathyroidism from 
Hyperparathyroidism due to Nonparathyroid Cancer. J. Clin. 
Invest., 50:2079, 1971. 


Roof, B. S., Carpenter, B., Fink, D. J., and — G.-S:: Some. 
Thoughts on the Nature of Ectopic Parathyroid Hormones. Am. J: a 
Med., 50:686, 1971. a 


Sherwood, L. M., O'Riordan, J. L. H., Aurbach, G. D. and Potts, J. T. 
Jr.: Production of Parathyroid Hormone by Nonparathyraid 
Tumors. J. Clin. Endocrinol., 24:140, 1967. 


Terz; J. J., Estep, H., Bright, R., et al.: Primary Oropharyngeal Cancer 
and Hypercalcemia. Cancer, 33:834, 1974. 


. Warren, M. M., Utz, D. C. and Kelalis, P. P.: Concurrence of’ 


Hypernephroma and Hypercalcemia. Ann. Surg., 174:863, 1971. 


The Precision of a Special Purpose Analog Computer in Clinical 
creas Cardiac Output Determination 


ghee O FRANCIS J. SULLIVAN, PH.D., EDMUND A. MROZ, JR., A.M.,* 


: Three faded dye- dilution curves taken during our first year of 
clinigal“ ‘experience with the Waters CO-4 cardiac output com- 
.putér were: analyzed to estimate the errors involved in its use. 
. Provided ‘that-calibration is accurate and 5.0 mg of dye are in- 
jected. for-each curve, then the percentage standard deviation of 
measurement using this computer is about 8.7%. Included in this 
are: the « efrors-ittherent in the computer, errors due to baseline 
drift; errors, in. the injection of dye and actual variation of car- 
diac ‘output over a series of successive determinations. The size 
òf this’ error is: “comparable to that involved in manual calcula- 
tion. The meañ:value of five successive curves will be within 
10%: of the real value in 99 cases out of 100. Advances in 
methodology and equipment are discussed which make calibra- 
tion simpler and more accurate, and which should also improve 
the quality of computer determination. A list of suggestions is 
given to minimize the error involved in the clinical use of this 
— 


= FES: > ESTIMATION of cardiac output has become a 
BS F “frequent and necessary procedure in clinical diagnosis 
: dnd ‘patient monitoring. Of the various methods of measur- 


=> ing cardiac output, dye-dilution studies are readily per- 


formed, and perhaps offer the most accurate estimate.’ 


However, manual calculation of the area under the curve 


‘remains .a time consuming and laborious task, although a 


— number of simplified procedures have been devised.““is 
= ` The development of special purpose analog computers has 
=~. enabled the clinician to accomplish bedside monitoring of 


cardiac output with an instantaneous determination of its 
value. However, the ability of these computers to integrate 
the area under a dye-dilution curve accurately has recently 
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been questioned.’ In this report we compare the results of 
the computer and manual methods of cardiac output deter- 
mination to analvze the errors in both methods using a 
variety of statistical approaches. 


Technical Methods 


Three hundred cardiac output determinations were made 
on 25 adult patients prior to and for 24 hours following 
vascular surgery using the dye-dilution technique with in- 
docyanine green as the indicator. For this purpose, we in- 
serted an Intramedic polyethylene catheter percutaneously 
into an antecubital vein and passed it into the right atrium. 
A Longdwel catheter was inserted into a radial artery. In- 
docyanine green, usually 2.5 or 5.0 mg, was injected by the 
slug method via the venous catheter and arterial blood was 
withdrawn at 19.3 ml/minute through the cuvette of a 
Gilson GME Dye Tracer by a Harvard Infusion-Withdrawal 
Pump. The DC output of the densitometer was connected 
to the input of a Water CO-4 Cardiac Output Computer. 
Dye-dilution curves were also inscribed on an Electronics 
for Medicine oscillographic recorder. Since the den- 
sitometer-cuvette response was linear with a zero in- 
tercept, is a single point calibration at 10 mg/L of blood set 
at about 100 mm of paper was made with each new vial of 
dye. Determination of the area under the curve, and thus of 
the value for the cardiac output, was performed in two 
ways: computer and manual calculation. The computer 
calculated by integrating the area from the initial upward 
deflection to a point on the descending slope that cor- 
responded to 75% peak deflection. Then, by assuming ex- 
ponential decay it predicted the area under the remainder 
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of the primary curve from the computed area between 75% 
and 50% peak height. Manual calculation, using half second 
intervals, was accomplished by a modification of the 
Stewart-Hamilton method similar to that reported by 
Hoffman.’ 

For statistical analysis, the 300 curves could be separated 
into 74 sets of multiplé determinations. Each set was com- 
prised of 2-8 curves taken on a patient within 20 minutes. 


Statistical Methods 


Most previous studies of this nature’**®*%?7 have 


reported the mean and standard deviation of the percentage 
differences between the values obtained bythe computer 
and manual calculation. In these comparisons there is the 
implication that the manual method was “‘perfect’’ and that 
all error was due to the computer. However, both methods 
have inherent errors. Thus, the value we obtain for the car- 
diac output via either method should be considered as the 
sum of the true cardiac output and an error term which 
depends upon the method being used. We have previously 
outlined the required statistical procedures to be followed to 
make a valid comparison of measurement methods.” 
Necessarily, the differences in the properties of the error 
terms for the two methods rather than the difference 
between the values obtained in the two ways must be con- 
sidered. From our sample of measurements, we were able to 
arrive at estimates of these properties. Since our data in- 
dicated that the magnitude of the error terms for both 
methods was not independent of the magnitude of cardiac 
output, we made a log transformation of the data. This 
resulted in the error terms becoming independent of the 
value and allowed us to proceed with the statistical analysis. 

In comparing the properties of the error terms for the two 
methods, we first considered their accuracy: that is, whether 
or not the error terms tend to introduce bias into the ex- 
perimental values. By using a paired t-test we tested for a 
significant difference between the two methods in this 
regard. 

Then, we compared the precision of the methods, or the 
variability of the percentage error terms. The more precise 
the method, the smaller the standard deviation of the 
percentage error term, and consequently the fewer the 


number of determinations required to obtain a good es- 


timate of the true cardiac output. For each of the two 
methods, this was accomplished by subtracting the overall 
estimate of the variance in the error terms derived by the 
method described by Thompson?! from the pooled estimate 
of the variance of the error terms based upon the 74 sets of 
multiple determinations. Both estimates included the error 
due to computation; however, the latter also included the 
actual variation from curve-to-curve in cardiac output in a 
patient in a stable state, variation in dye injection, and other 
factors affecting the curves themselves but independent of 
the method of calculation. This difference therefore, was an 
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estimate of the variance of the curve-to-curve variation 
alone. This was done for both manual and computer values, 
the average of which is a more refined estimate of the 
variance of the curve-to-curve variation. This difference was 
then added to the variance based on Thompson and the 
square root taken to obtain a clinically relevant estimate of 
the overall standard deviation of the percentage error for 
each of the four subsets of data. These four subsets were: 
manual, 2.5 mg and 5.0 mg injections; and ee 2.5 
mg and 5.0 mg injections. z 

From these data, using standard statistical ioa “We 
then were able to determine how many curves. should be 
run on a patient to obtain an estimate of his cardiac output 
with a desired level of confidence. eae aa es 

Results : r — — 

Figure 1 shows the computer determined aie ‘plotted 
against the manually calculated values for all 300° curves, 
Basic statistics for these data are presented in Table 1. The - 
average percentage difference and the standaid- deyiation of 
the percentage difference between the two methods ; are in- 
cluded mainly for comparison with previous. voporis A 
graph of absolute value of the percentage.. ‘différénce 
between the two methods vs. the manually detérmiined. çar- 
diac output (Fig. 2) shows that the size of ‘the: percentage. 
difference seems not to depend upon the magnitude of care 
diac output; the correlation coefficient for: thesé points is 
—0.01. This is more consistent with an assumption of the 
standard deviation of the absolute error term being propor- 
tional to cardiac output, rather than such standard deviation 
being constant over the range of cardiac outputs. | 


Differences in Accuracy 


The small average value of paronae ———— 
between the two methods (Table 1) is an indication of little; | 
if any, difference between the two methods in this regard: A 


paired t-test, a more sensitive method of distinguishing. such *: 


a difference, indicated that the mean difference betweén the aa 
two methods was not significantly different from zero:(t = © 
~0.585, 299 df, p > 0.50). Thus, we have no indication 
from our data of a difference in bias between the two |’ 
methods, and they can be considered equally accurate in — 
our restricted use of the term. a 


Estimates of Relative Precision from Multiple Determina-. 
tions 

In Fig. 3 are the graphs of the standard deviation of each 
set of multiple determinations vs. the mean cardiac output 
of the set, for both manual and computer values. Although 
there is a great deal of scatter, there is a significant regres- 
sion of standard deviation on the magnitude of cardiac out- 
put for each method. Again, this supports an assumption of 
standard deviation of absolute error terms proportional to 
cardiac output rather than independent of cardiac output. 


16or 


2 4 6 8 10 


The pooled estimates for the error terms for each method, 
from the relative standard deviations of all 74 sets are: 
manual, 0.086 (or 8.6%); computer, 0.110 (or 11.0%). 
Estimates of Relative Precision by the Method of Thompson 


-i Using our adaptation of this method, we arrived at an es- 
timate of the standard deviation of the percentage errors in 


TABLE 1. 
All Curves 
Computer 

Minimum C.O., l/min 0.70 
Maximum C.O., l/min 14.74 

Mean C.O.. l/min 6.61 

SD of C.O.. l/min 2.65 
Number 300* 
Corr. Coeff. 0.95 
Avg PCTDI ~0.87% 
SD of PCTD} 11.75% 


* In three cases, 1.25 mg was injected. 
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the two methods for 5.0 mg curves, exclusive of curve-to- 
curve variation. These estimates are: manual method, 8.0%; 
computer method, 6.8%. Estimates based on all 300 curves 
and the 2.5 mg curves are erroneous because some curves 
did not obey the requirements of the computed (see 
Discussion). If we consider only the 288 curves with in- 
dicated cardiac output greater than 2.5 l/min, we obtain the 


Summary of Statistics on Dye-Dilution Curves 


2.5 Mg Inj. 5.0 Mg Inj. 
Computer Manual Computer Manual 
0.07 0.84 2.56 2.54 
14.40 12.84 14.74 16.20 
6.05 6.11 7.10 7.09 
2.53 2.41 2.63 2.62 
129 168 
0.94 0.96 
—1.42% +0.69% 
12.86% 10.59% 


t Average and standard deviation of the percentage difference between the two methods of calculation for each curve. 
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following estimates: 288 curves, manual, 6.8%, computer, 
9.4%, 2.5 mg curves, manual, 6.1%, computer, 11.5%. 


Estimate of Curve-to-Curve Variation 


We proceeded to estimate curve-to-curve variation from 
the differences between the two types of estimates of 
relative precision. The difference of the squares of the two 
estimates of the standard deviation of the relative error is 


.0027 for manual values, and is .0033 for computer values. - 


The mean of these two estimates is .0030. The square root of 
this value is an estimate of the standard deviation of the 
relative error term due to curve-to-curve variation, and is 
0.055, or in terms of the percentage error, 5.5%. 

Of the four subsets of data, the 5.0 mg injections 
demonstrated a possible superiority to 2.5 mg injections 
when the computer is used. The likely overall standard 
deviation of the relative error using 5.0 mg injections, in- 
cluding curve-to-curve variation was calculated by adding 
the squares of the individual standard deviations to arrive at 
the square of the overall standard deviation. In this case 
(0.055)? + (0.068? = 0.0076, gave a resultant standard 
deviation of the relative error of 0.087, or of the percentage 
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error, 8.7%. The better results with manual calculation were 
from 2.5 mg curves; similarly correcting the value for this 
case derived by the method of Thompson for curve-to-curve ~ 
variation gives a total estimate of 8.2% standard deviation 
of the percentage error. ~ & 


Precision of Cardiac Output Estimate from a Number ‘of 
Curves Dp aS, 
Using standard statistical equations, the mean value of: 
five curves taken on a patient in a stable state, using 5.0 mg 
injections and calculating by computer, will be no more 
than 7.8% from the true value of cardiac output in 95 cases . 
out of 100, and no more than 10.0% away in 99 cases out of 
100, barring systematic error. Use of the manual method on 
2.5 mg curves will only give a slightly more precise estimate 
(95% limits: + 7.3%; 99% limits: + 9.4%). — 


Discussion 


The results of this study clearly support the use of this 
special purpose analog computer in the determination of 
cardiac output using the dye-dilution technique. The mean 
value of five determinations, using the computer with 5.0 
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mg injections, will give a reasonably precise estimate of car- 
diac output, provided calibration is done properly. The 
computer is less precise when 2.5 mg injections are used, 
but the cost of extra dye needed for precise computer es- 
timation is more than outweighed by the saving in time the 
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following major errors: measuring the height of the curve at 
frequent intervals, the use of an approximation formula re- 
quired to determine area from these values, and fitting 
the downslope of the curve to a straight line on semi- 
logarithmic paper.” Improvement in the error due to this 


computer affords to the clinician. 

The. reason: for eliminating values less than 2.5 l/min 
from ‘the statistical consideration was that they were taken 
on patients who had myocardial decompensation. Curves 
taken on such patients cannot fulfill the assumptions made 


method would mainly be obtained by measuring the height 
of the curve at more frequent time intervals, and by using a 
more complicated approximation formula. This would ob- 


25 
‘in the use of the CO-4 computer, namely that the decay of i 
the curve be exponential from 75% to 50% of the peak. It 
should be noted that studies with similar computers used to , 
2.0 Manual 


‘determine cardiac outputs in dogs have generally shown 
- good-accuracy at flow rates below 2.5 l/min. Thus, at low 
floW sates in..the adult human the inaccuracy is probably 
_. | more,dué-to improper application of the technique rather 
» fhan’-to’inherent error in the computer itself. The curves 
ruported by Malooly et'al.™ would be calculated as lower 
_. thari:normal cardiac outputs because of the magnitude of 
- left:té-right and right-to-left intracardiac shunts although 
the true value would be greater than normal. In these cases 
thé dye-dilution. curves can be useful in the diagnosis of 
shunting. | 
`- To minimize errors involved in the use of the dye-dilution 
technique either with manual or computer calculation of 
cardiac output; wé must consider the sources of error in the 
technique -itsélf and in the two methods of computation. 
Errors that. affect the accuracy and precision of the tech- 
nique -itselfinclude: inaccurate mixing of powdered dye in 
diluent, inaccurate dilution of dye in blood for calibration, 25k ` 
and inaccurate measurement of the injected amount of dye. | 
Such errors in calibration can be minimized by using 
the. electronic calibration method we have described 
elsewhere. This is essentially a one-time accurate calibra- 
tion. with dye-in-blood, using the output of the den- 
.., Sitometer as monitored by the computer for subsequent 
`  calfbrdtion. This gives more consistent results than 15 
3 “repeating a dye-in-blood calibration each time the equip- 
~='ment is, used. 
An error can also be caused by the nonlinearity of the 10 
iy <cuvette‘densitometer system in its response to standard- con- 
centration of dye. In order to use the single point calibration 
suggested in this paper, the calibration curve should 
_be linear and have a zero intercept. Previously, we 
documented this to be true for the system we have used.” 
As demonstrated by Cropp! not all systems behave in this | 
fashion. Although this nonlinearity will not interfere with 0.0 > 1 6 B. 
the precision of the calculating techniques, it may lead to a 
significant inaccurancy of the value of the cardiac output. 
However, it is believed that the deviation from linearity 
‘does not introduce major errors, in accuracy® probably 
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Fic. 3: Graphs of standard deviation (1/min) of each of the 74 multiple 
determinations vs. the mean cardiac output (l/min) of each of the 74 multi- 
ple determinations for the manual and computer values. The equations for 
the indicated linear regression lines are: manual, SD = —0.186 + (0.098 


i i , CO): computer, SD = —0.213 + (0.114 CO). Both the slopes are 
because it occurs at very low dye coricentrations. significantly different from zero (p < 0.001); the intercepts are not (p > 
' The manual method of calculation is subject to the 0.50). > 
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Fic. 4. Dye-dilution curves 
of normal (left) and low 
(right) cardiac outputs. In 
the normal curve the 
descending slope of the 
curve is semi-logrithmic 
throughout and recircula- . > 
tion appears as a second 
curve. In the abnormal 
curve, the descending slope 
does not decay semi- 
logrithmically. 


viously and more time to that required for manual calcula- 
tion. 

Major sources of error in the computer. method include: 
inaccurate calibration of the computer, baseline drift which 
may occur during appearance time, and the pulsation often 
seen in clinical dye-dilution curves. In our laboratory, 
calculations based on representative curves have indicated 
that a pulsation of + 5% of peak height could possibly 
cause an error of + 10% in the computer's determination, 
due to incorrect signally of the 75% and 50% points on the 
downslope of the curve (unpublished results). From the pres- 
ent data we cannot say whether so large an error occurs in 
practice due to this phenomenon. However, improvements 
in computer performance are afforded by refinements in 
equipment now available. For example, both the Waters 
XP-302 Densitometer and the Lyons dye-dilution system 
now have a switch to allow smoothing of the pulsation ar- 
tifact. The Lyons system and the newest Waters den- 
sitometer also have an automatic baseline-setting switch 
which is much easier to use than the knob required to set 
the baseline on most other equipment. This should help to 
minimize the error due to baseline drift. 

Objections to the use of dye-dilution to estimate the car- 
diac output often include the time necessary to calibrate the 
equipment, problems in setting the baseline, and the 
amount of time necessary to calculate the curves by hand, or 
the allegedly enormous error in the use of speical purpose 
analog computers such as the CO-4°. However, use of the 
electronic calibration method reduces calibration time for 
each clinical use to the two minutes or so necessary to check 
the calibration of the computer,” and this report shows that 
the overall error involved in the use of the CO-4 computer, 
including baseline drift as we experienced it in our first year 
of clinical use, is about the same as the error in the manual 
method but with results instantly available. 

To insure that the above estimate of error is equalled or 
bettered in the monitoring of cardiac output with an analog 
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computer, we make the following suggestions aged: ‘upén, l 
previous studies, the present data, and our own clinicate eX: =~ 
perience: — 

1. Inject dye at or as close as possible to the right — 

2. Use the electronic calibration method we- -Have 
described elsewhere” with a digital-display compute: that . 
can also be used to monitor the output from the ctivetté-. 
densitometer. If this monitor has a gain adjustment, keep it 
set as a constant value. 

3. Choose an input which will enable precisé areton 
of the integrating circuitry fo the computer. For example, 
an electronic signal equivalent to 5 mg/l for thirty seconds 
with the computer set for a 5.0 mg injection should-indicate 
a cardiac output of 2.00 l/min which can be — to 
within + 0.01, or 0.5%. 7 

4. Mix the dye accurately, and whenever possible | use 
5.0 mg injections, taking special care that syringes and 
catheters are properly filled. | 

5. After dye is injected, adjust for any baseline drif- far 3 a 
few seconds before putting the computer into the ‘‘‘com- . 
pute’ mode, if such switching is done by hand. This should. | 


minimize error due to baseline drift. Once an BESE 
time has been found, such baseline adjustment can easily be `: 


continued until just before the curve appears. If the . 


baseline still shifts after the last adjustment, a downward — 


driff means that the computer's value is too high; an up- ` 
warti drift, too low. 

6. Critically analyze any curves taken on patient with - 
known or suspected cardiac or pulmonary shunts. If they 
show signs of non-uniform or non-exponential decay, then 
the computer's value cannot be accurate. (Figure 4) In fact, 
even a manually calculated value from such a curve may not 
indicate the real cardiac output. ™ 

7. If the computed cardiac output is grossly different 
from that estimated on the basis of clinical impressions, 
ascertain that all settings on the equipment are correct 
before taking any action on the basis of the computed car- 
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diac output. For instance, setting the computer to the 
- wrong value for the amount of dye injected introduces a 
proportional error into the valiie of the cardiac output. 

If the above precautions are taken, then an accurate es- 
timation of the cardiac output can be obtained within 
minutes of catheter placement. 
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Improvement in Lower Esophageal Sphincter 


Pressure Following Surgery for 


Complicated Gastroesophageal Reflux. 


A comparison was made of the pre- and postoperative lower 
esophageal sphincter (LES) pressures in nine patients under- 
going a posterior gastropexy for complicated gastroesophageal 
reflux. LES. pressure was increased from 4.4 + 0.4 mm Hg to 
13.9 + 0.5 mm Hg following surgery (p < .01). The ratio of 
the change in LES pressure compared to the change in gastric 
pressure during increases in intra-abdominal pressure AS/AG, 
was 0.59 + 0.05 preoperatively and 0.94 + .01 postopera- 
tively (p < .01). All patients were asymptomatic after surgery. 
Both the resting LES pressure and the AS/AG ratio following 
surgery were significantly less than the comparable values ob- 
tained in an age-matched control population (p < .01). These 
studies suggest that the clinical improvement following surgery 
for gastroesophageal reflux may be due to the increase in resting 
LES pressure and the improved response of the LES to in- 
creased intra-abdominal pressure. 


HAS BEEN SUGGESTED recently that the primary 
Í factor in the prevention of gastroesophageal reflux is the 
competence of the physiologic lower esophageal sphincter 
(LES)? The presence of a hiatus hernia is now con- 
sidered to be less important in the pathogenesis of gastro- 
esophageal reflux.**5 With this new emphasis on LES 
competence, the surgical approach to treating gastro- 
esophageal reflux has shifted from the simple repair of a 
hiatus hernia to more detailed approaches to improve LES 
competence. These surgical approaches have received en- 
thusiastic support based on clinical patient evaluations. 
While acknowledging that the majority of patients are im- 
proved after the effective use of a Nissen, Belsey or Hill type 
of surgical procedure, the mechanism by which these 


operations improve gastroesophageal competence is not 
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clear. >>! An improvement in LES strength has been sug- 


gested.*” The purpose of this study is to compare the LES :° 


resting pressure and the changes in LES pressure with in- ` 
crease in intra-abdominal pressure in controls and ir pa- 
tients with symptomatic gastroesophageal reflux studied 
both before and after surgery. 


Methods 


The study group consisted of nine patients with de- 
creased LES pressure and symptoms of recurrent heart- 
burn aggravated by postural change. Each patient was 
either a failure of medical management or suffered a com- 
plication of gastroesophageal reflux. The patients and their 
indications for surgery are listed in Table 1. A hiatus hernia - 
was present in four of the patients. All patients: ‘underwent 
esophageal manometric study before, and a mean .of: gT 
weeks after, surgery. Each patient had a cine- -esophogram 
and esophagoscopy prior to surgery. Ten age-matched con- 
trols with no gastrointestinal symptoms were also eveluated. 
The controls consisted of 5 males and 5 females, aged 25-70 
(mean, 45). 

Water-filled polyvinyl catheters, 1.4 mm internal diam- 
eter, were used to transmit intra-luminal pressures to ex- 
ternal transducers (Statham). The output from each trans- 
ducer was recorded on a Beckman curvilinear ink-writing 
recorder. Three recording catheters were arranged to form a 
single assembly with three side orifices, 1.2 mm diameter, at 
5 cm intervals. The pressure recording tubes were infused 
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TABLE 1. 
Je Hiatal 
Patient _ AgeandSex Hernia Indication for Sergery 
A.O. - I8yM Intractibilit* 
M.B. 25 y M Intractibilit=* 
S.M. 33 y F ++ Stricture 
R.N. 37 y F Intractibilit- 
LP. 37y M ++ Esophageal bleedingt 
R-M. ° 4lyF Intractibilit,* 
ES... 58 y F ++ Intractibility* 
AD. 62y M ++ Esophageal blee -ingt 
* SEM: 67y M Stricture 
‘yMean Age = 42.0 years 


* Erosive esophagitis by esophagoscopy. 
of Upper. gastrointestinal hemorrhage with source of bleecing from 
colts as diagnosed by esophagoscopy. 


k —— 
* 


“y +a . 

-k — a 
„~ T ` : 
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witht ‘distilled water, by a syringe pump, at a constanz rate of 
‘1.2: ay per min. All pressures were expressed using gastric 
_ pressie: as: a ‘zero reference. The manometric records were 
tabulated | ising ‘the  midrespiratory pressure recorded from 
| ‘the’ Seginent-of the LES manifesting the maximal p essure. 
De :Manomettie: ‘stidies were performed with the patient 
resting ‘quietly: in the supine position, after an 8 hr-fasting 
pstiod Belt pneumographs around the chest and cyer the 
“larynx. were used to monitor respiration and swallow ng, re- 
spectively. The recording assembly was positioned vith all 
orifices in.the stomach. Following a 20 min rest period, the 
assembly was moved, at 1 cm intervals, through the full 
‘length of the esophagus. Following this diagnostic +valua- 
tion, the recording assembly was positioned and anchored 
so that pressures were simultaneously recorded from esoph- 
agus, LES and stomach. Intra-abdominal pressure was 
increased by simultaneous raising of both extended legs. 
Results of these maneuvers were expressed as change in 
pressure and represented the differences between simul- 
_taneously obtained increased gastric, LES and esophageal 
. „pressures. Thus, a ratio for the increase in LES p essure 
FRS toan increase in gastric pressure AG was detemnined 
AASA G: If gastroesophageal reflux occurred (sudden 
- équalization of gastric, LES and esophageal pressures in- 
dieating continuity of stomach and esophagus). these values 
” wére not tabulated. 


Operative Technique 


The operation, illustrated in Fig. 1, was a posterie-r gas- 
tropexy,® modified by placing two sutures above the level of 
the gastroesophageal junction so that a very short sezment 
of the terminal esophagus was placed in an intragastri2 posi- 
tion. The gastroesophageal junction was cleared off «n the 
lesser curvature side. Four sutures were placed throuzh the 
anterior and posterior seromuscular layers of the sto-nach, 
two above and two below the gastroesophageal jurction. 
The upper two sutures were also passed through the rauscle 
fibers of the esophagus. The sutures in the seromuscular 
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portion of the stomach were placed very close to the lesser 
curvature side so that the main effect of this placement was 
to give strength to the sutures, as well as to give a very short 
segment of intragastric esophagus. All of the sutures were 
passed through the median arcuate ligament. When the su- 
tures were tied down, the muscular sling at the gastro- 
esophageal junction was demonstrably tightened, a short 
length of terminal esophagus was placed intra-gastrically 
and the gastroesophageal junction was firmly anchored 
within the abdomen. To prevent too tight a closure around 
the esophagus, a #18 plus a #80 red rubber tube (not il- 
lustrated) were placed through the esophageal junction 
prior to tying down the sutures. 


Results 


Figure 2 shows the resting LES pressures in controls and 
in all patients studied before and after surgery. The mean 
LES pressure prior to surgery, 4.4 + 0.4 mm Hg, increased 
to 138.9 + 0.5 mm Hg following surgery (p < .01). The age- 
matched control population had an LES pressure of 18.7 + 
1.8 mm Hg. The LES pressure in the controls was sig- 
nificantly greater than both the pre- and postoperative pres- 
sures in the patient group (p < .01). 

Figure 3 shows the ratios of the change in LES pressure 
(AS) to the change in intra-abdominal or gastric pressure 
(AG). In the controls, the ratio was 1.84 + 0.12 compared 
to a ratio of 0.59 + 0.05 in the patients prior to surgery (p < 
.01). Following surgerv, the AS/AG ratio was increased to 
0.94 + .01. This change was.statistically significant, p < 
OI, but remained less than that obtained in controls, p < 
Ol. 
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Fic. 2. Resting LES pressure in controls and patients studied before and 
after surgery. The LES pressure, although significantly increased follow- 
ing surgery (p < .01), remained below that recorded in controls (p < .01). 


Discussion 


The purpose of this study was to obtain a comparison of 
the LES pressure measurements in controls and in a group 
of patients with LES incompetence studied before and after 
surgery. The results suggest that following surgery, both 
resting LES pressure and the LES response to change in 
intra-abdominal pressure are improved significantly. How- 
ever, neither the LES pressure nor the LES response to 
intra-abdominal pressure are returned entirely to normal 
following surgery. These alterations in LES pressure may 
explain the clinical improvement after surgery. 

It was thought previously that simple repair of a hiatus 
hernia would be adequate to prevent gastroesophageal re- 
flux. However, the success of these surgical procedures has 
been disappointing." Most recently, a series of new 
anti-reflux operations has been described.*1""14 These opera- 
tions have been performed even in the absence of hiatus 
hernia.” These reports have coincided with the demonstra- 
tion that a hiatus hernia itself does not lead to gastro- 
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esophageal reflux, but that LES incompetence is the 
primary cause of gastroesophageal reflux. LES incom- 
petence occurs independent of a hiatus hernia,’ The 
mechanism by which these anti-reflux procedures i improve l 
gastroesophageal competence is unclear. The results of this 
study suggest that competence is improved by an increase 
in LES strength. This finding had been suggested pre- 
viously but has not been consistently recorded.*“ .- 
The change in LES response to increased: intra- 
abdominal pressure following surgery may be añotlier 
mechanism by which gastroesophageal competence is. im- 
proved. It has been suggested that the rapid change in LES 
pressure associated with the change in intra: ‘abdominal 
pressure was through a neural mechanism.® The function: of 
this mechanism was to prevent gastroesophageal reflux, diji- ” 
ing the rapid increase in intra-abdominal pressure, Thé LES 
response in normals always exceeded the rise in gasti pres- 
sure. The AS/AG ratio was about two in normals. ant “pa- 
tients with reduced resting LES pressures, the: fatio was: ‘less . 
than one, 0.59 + 0.05 in this study. After: ‘clinically: SUC- 
cessful surgery, the ratio did not return tot two, but rather i in- É 
creased to approximately one. — 
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Fic. 8. The ratio of the change in LES pressure (AS) to the change in 
intra-abdominal or gastric pressure (AG) in controls and patients studied 
before and after surgery. The ratio increased significantly after surgery 
(p < .01), but remained below that recorded in controls (p < .01). 
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The results of this study suggest that clinical improve- 
ment following anti-reflux surgery may be due to both an 
improved resting LES competence and an improved LES 
response to increased intra-abdominal pressure. The mech- 
anism of this altered LES function is unknown. These 
studies demonstrate simply that the clinical improvement 
following anti-reflux surgery may be explained by improved 
function of the physiological LES, the major determinant of 
gastroesophageal competence. 
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Effect of Agitation on Platelet Aggregation and 
Microaggregate Formation in Banked Blood 


Blood stored at 4 C in ACD or CPD solution develops 
microaggregates composed primarily of fibrin and platelets. 
This debris has been implicated in the pathogenesis of post- 
traumatic pulmonary insufficiency in man. Recent work in- 
dicates that gentle agitation of the blood during storage appears 
to decrease debris formation. These studies were undertaken to 
establish more clearly the effect of agitation on debris forma- 
tion. Blood was drawn in CPD from healthy young males, non- 
aspirin ingesting donors and stored at 4 C. One-half of the bags 
were gently and continuously agitated for 2\.days and the other 
half remained stationary. At the end of the storage period, 
platelet counts and screen filtration pressures were measured. 
Agitated blood showed significantly less debris formation arid 
significantly higher platelet counts. Gentle agitation was shown 
to be an effective method for preventing debris formation in 


banked blood. 


Loop stored at 4 C in ACD or CPD solution develops 
B microaggregates composed primarily of platelets and 
fibrin. +? This debris in transfused blood has been shown 
to produce changes in pulmonary hemodynamics in 
animals*’ and has been implicated in the pathogenesis of 
post-traumatic pulmonary insufficiency in man.®*?° Recent 
studies in this laboratory suggested that agitation of blood 
during storage appears to decrease the formation of 
debris.** The present studies were undertaken to more 
clearly define the effects of agitation upon debris formation 


in banked blood. 
Materials and Methods 


Ten units of fresh human blood were collected in the 
customary fashion in plastic bags containing CPD solution 
and stored at 4 C. Blood was drawn from healthy male 
donors between the ages of 24 and 80, with no history of 
aspirin ingestion for a 14-day period prior to donation. 

Five units of the blood were placed in a wire basket 
mounted on an electrical rotating platform agitator with an 
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lJ-itich diameter platform; a velocity of 26 rpm and potating 
at a 30° angle from horizontal. The entire apparatus’ ‘was 
placed in the refrigeration unit and allowed to gently 
agitate, continuoiisly for: the 21-day storage period. 

The remaining five units of blood were stored-in the 
refrigeration unit for 21 days with no form of agitation. 

On day 21, the following stiidies were performed: Platelet 
Counts (Model 21, Coulter Electronics); and Screen Filtra- 
tion Pressure (SFP) and debris weight determinations as ~ 
previously described.® 


Results 


Platelet counts of the agitated samples were corisiderably 
higher than the platelet counts for the non-agitated samples 
(Table 1). , 

Debris weights and SFP values of agitated samples were. 
considerably less than corresponding valiies for non- ~ 
agitated samples (Table 2). 


Discussion 


From analysis of Tablés l and 2, there appears to be an 


inverse relationship between platelet counts and. debris — 


weights. This inverse relationship. has been previously” 
demonstrated? using serial platelet counts and: debris 
measurements for the 21-day storage period. This.is iot sur- 
prising since it appears that platelet aggregatioii is a 
necessary precursor to significant debris formation.’ 
Platelet aggregation may account for the deéeréase in 
platelet count observed in non-agitated stored blood. 

In blood left unagitated for 21 days, separation of the red 
cells and the plasma occurs into approximately equal 
volumes. If one assumes that the platelets are entirely in the 
plasma fraction, then their concentration in the separated 
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TABLE l. 
Mean Day 21 Platelet Counts p 


Agitated samples ` 154,000/mm® + 25,000 


<0.001 


Non-agitated samples 68,000/mm* + 20,000 


fractions will be twice their concentration when dispersed in 
whole blood. Since aggregation can result only front platelet 
collisions, their initial aggregation can be closely ap- 
proximatéd by the kinetics equation for a second orcer reac- 
tions: 1 = “k (platelets)*, where 4 = the rate of aggregation, k 


wea ‘constant determined by the number of -platelet 
eallisidng ‘per aggregation, and (platelets)? = 
the: platelet concentration. On the basis of the conceatration 


the sc uare of 


| factor alone, one would expect that since the conceatration 


of platelets i in the serum equal two times the conceatration 


| in⸗ whole’ blood, the rate of platelet aggregation n non- 


l ‘agitated blood would be four times faster than in <gitated 
`- “blood:“Carrying this one step further then, debris fo mation 
cit gently agitated blood would be expected to form cebris at 
| a rate one- fourth that of non-agitated blood. 


From’ Table 2, we see that agitated blood form-d one- 
eighth the debris of non-agitated. Based on the crude 
assumptions made in setting up the kinetics mocel, this 


~ would appear to be a rather good correlation betwzen the 


theoretical model and the observed results. It is likely that 
the platelets in non-agitated blood may be fourd in a 
narrow layer within the serum fraction, thus furtner in- 
creasing the effective platelet concentration. If ths were 
taken into account, our theoretical model would ap- 
proximate the observed results even more closely. Another 


=: possible explanation for the discrepancy between predicted 


: ‘and. observed values could be that platelet red cell interac- 


7 tiong. slow platelet aggregation and thus slow debris forma- 


— ae of platelets," 
—— membrane. with subsequent ADP release. Agitation in this 


— ‘Hon. 


ane agitation has been shown to induce self- 
possibly by rupturing the platelet 


“23s experiment, however, was gentle and actually reduced 


y 


a TS aggregation and debris formation. 


«, Several reports indicate that platelets are no longerviable 
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TABLE 2. 
Mean Dav 21 Debris Weight p 
ARIN ited 0.1 mg/ce + 0.1 
<0.001 
Non-pgitated 0.8 mg/co + 0.2 


after 3 to 5 days.*"* On this basis, it seems likely that agita- 
tion would be necessary for only 5 days. If, however, 
platelets continue to aggregate throughout the entire 
storage period as recent work has indicated,’ then agitation 
would be necessary during the entire storage period. 
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Arterial Injury and Massive Blood Loss: 


A Case Report of Management of Pelvic Gunshot Injury’ ‘with ; 
Femoro-Subscrotal-Femoral Bypass and 116 Units of Blood : 


A case of massive shotgun injury to the left thigh and hip is 
reported. The patient received 116 units of blood, and a femoro- 
subscrotal-femoral vein graft was employed to save the left leg. A 
Teflon wool blood transfusion filter, used from the beginning of 
therapy, was believed to have been a major factor in preventing 
significant pulmonary complications. 


HE SUCCESSFUL MANAGEMENT of major gunshot injuries 
Te the pelvis can require the mobilization of the total 
surgical and supportive resources. The following case report 
describes the technical operative maneuvers and other 
measures employed to salvage life and limb in a young man 


_who sustained a shotgun injury to the left groin and pelvis 


—— 
a 


at close range. Despite every effort, a total of 116 pints of 
blood and every available measure for hemostasis were re- 
quired to salvage life. A femoro-subscrotal-femoral reversed 
saphenous vein bypass was required to salvage the left leg. 


Case Report 


T.L.R., a 38-year-old black male, received a close-range shotgun blast to 
the lateral aspect of the left hip on the night of June 2, 19783. On arrival at 
the University Hospital Emergency Room shortly thereafter at 3:15 a.m., 
he was without blood pressure and exhibited a large soft tissue defect on 
the lateral aspect of the left upper thigh and buttock. Profuse bleeding con- 
tinued and an emergency roentgenogram disclosed innumerable pellets 
concentrated in the left ischio-pubic area. The gaping wound was packed 
tightly, resuscitation fluids were administered to restore blood pressure and 
operation was begun immediately. It was found that the injury had either 
destroyed or deeply undermined the skin of the upper thigh to the extent 
that only a medial bridge of undisturbed healthy skin remained. However, 
while this bridge of undisturbed skin on the medial surface of the thigh was 
ultimately to prove crucially important in saving the left leg, at the mo- 
ment of operative intervention it was the control of hemorrhage that was 
the primary requirement and concern. The anesthesiologists perceived im- 
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mediately that massive transfusion would be required and virtually all. 
blood transfused, which ultimately reached 116 pints, was passed through 
a Dacron wool blood filter’ from the outset. This aided in protecting the ` 
lungs from “transfusion lung” during the huge blood volume replacement 
over the next four days. 

The severe problems met in achieving hemostasis evolved from massive 
muscle and other soft tissue injury, severance of the saphenous and femoral 
vein, multiple perforations of the femoral artery, and shattering. and 
maceration of the left ischium and adjacent sacrum. Surprisingly, the left 
sciatic nerve was not injured, and the left femoral nerve ultimately 
recovered from the blast effect and supplied innervation to the surviving-. 
elements of the left quadriceps muscle. The external and internal iliac.’ 
(hypogastric) arteries were exposed and temporarily occluded. Several ° 
pellet holes in the femoral artery were sutured. The colon had net been'i in- TE 
jured. — 

The oozing from the pelvis was controlled as well as — ‘ising 
ligatures, electrocoagulation and bone wax, plus the aforementioned: temi- `, 


porary occlusion of the left hypogastric artery. Finally, it was decided: to: ie i k 
pack the huge space firmly with gauze rolls, bringing as ‘much’ adjacent is Na 
skin over the defect as possible. Through the three hour procedure the’ Aue: 
patient had received 41 units of whole blood, plus other fluids, and had seen) 
maintained a good blood pressure and urine output. ae DES 
In the Recovery Room his condition was initially stable, — it aa ean 
presently apparent that he was losing blood steadily through the packing = 


placed in the large soft tissue defect, which was about 10-12 .cm in 
diameter and extended down to the sacrum. Therefore he was returned to 
the operating room for re-exploration, in the hope that more of the diffuse 
muscle ooze would have ceased and thus significant minor residual arzerial 
bleeders could be more readily identified. Since the platelets seen in the 
blood smear appeared to be numerically adequate and since the blood 
clotted on standing, it appeared likely that uncontrolled vessels and not a 
bleeding diathesis was the cause of the continuing blood loss. On re- 
exploration of the depths of the wound under anesthesia, two additional 
small pellet-holes were oversewn in the common femoral artery. However, 
fairly brisk bleeding was still arising from the pelvic fractures Bone wax 
and ligatures and cautery were again employed and the left hypogastric 
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Fig. 1. Femoro-Subscrotal-Femoral 
Bypass. Saphenous vein bypass 
graft extending from the right com- 
mon femoral artery, beneath the 
skin of the perineum just posterior 
to the scrotum, beneath a healthy 
bridge of skin on the medial surface 
of the left thigh, to the left 
superficial femoral artery in the ad- 
ductor canal. 


artery was exposed and ligated with No. 2 nylon. As a final measure, five 
large Kelly clamps were placed in such a way as to approximate the 
periosteum over the sites of bone fracture hemorrhage. It was appreciated 
that leaving instruments in the wound might lead to infection, but the 
wound was wide open anyway and the man’s life was at stake. Gauze roll 
packing was again employed. The instruments were to be removed in five 
days, 

On June 6, the fourth postoperative day, brisk bright red bleeding 
suddenly resumed. Exposure of the femoral artery disclosed oozing from a 
small, previously sutured site. This rebleeding was doubtless due to infec- 
tion and, since the artery was freely exposed in the open and infected 
wound, it was elected to ligate this vessel just beneath the inguinal liga- 


2 ment and just distal to the profunda femoris artery, which was also ligated. 
.. Thus, the left hypogastric, common femoral, superficial femoral and 


profunda arteries had now all been ligated in the course of four separate ex- 
ploratioris to control primary and secondary bleeding in the huge and now 
infectéd tissue defect. A total of 116. units of blood had been transfused 
since his: admission four days earlier. 

. Surprisingly, the. left leg and foot, while cool, remained viable and the 


_ ‘patiefit-maintained power and sensation in this extremity. 
"= "On June 12, however, six days later, it became apparent that the foot was 


_ no longer adequately perfused to remain viable. Therefore, the possibilities 


for a bypdss graft that would traverse only uninfected planes were ex- 


-. plored. It will be recalled that the anterior, lateral and posterior surfaces of 
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the left upper thigh were either denuded or the skin undermined by an in- 
fected space. The only healthy bridge of skin in the left thigh, beneath 
which a bypass might be tunnelled, began just opposite the upper 
scrotum and extended downward. It was decided to use a reversed 
saphenous vein graft, taken from the healthy right leg, and to bypass from 
the right common femoral artery, tunnel beneath the skin of the perineum 
just posterior to the scrotum, and to carry the graft down to the left 
superficial femoral artery. This was done and it promptly restored the dor- 
salis pedis and posterior tibial pulses in the left foot. A late postoperative 
arteriogram is presented in Fig. 1. 

The large soft tissue defect was closed somewhat by pulling together 
healthy debrided muscle with chromic catgut, and by reducing the skin 
defect to the extent possible. Drainage was maintained over the ensuing 
months until rehabilitation was judged on May 7, 1974 to be largely com- 
plete with closure of all but a small sinus tract. 


Comment 


The successful outcome of this case reflects many of the 
major advances in surgical resources and care that have 
been developed in recent years. First, the support of this 
patient by the anesthesiologists during and following the 
several operations was a model of effective utilization of 
continuous arterial pressures, central venous pressures, 
pulmonary wedge pressures, arterial blood gases, the elec- 
trocardiogram, serial plasma electrolyte measurements, 
urine output and the general assessment of the overall con- 
dition of. the patient at all times. The use of the Dacron wool 
blood filter from the outset protected the lungs during the 
subsequent transfusion of 116 units of blood. This excellent 
support of the patient provided the optimal possible respira- 
tion and cardiac output during the five operations that were 
required for the management of the massive injury. Secondly, 
the use of the saphenous vein bypass permitted salvage 
of the left leg in this voung man. With ingenuity, one can 
extend a bypass arterial graft from almost any region of the 
body to another. The graft will usually remain patent if 
there is a sufficient head of pressure proximally, a sufficient 
pressure differential, and good distal run-off. The saphenous 
vein has proved to be extremely useful as an arterial sub- 
stitute in a wide variety of circumstances. 
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The clinical record and histologic sections of 84 cases of benign 
small bowel tumor are reviewed. Manifestations of systemic dis- 
eases, congenital anomalies, and lesions of either the ileocecal 
valve or periampullary region were excluded. In the same time 
span there were 96 small bowel malignancies. Clinical presenta- 
tion, pathologic findings, management and result are compared 
to the collected published experience of about 2000 cases. There 
were 36 leiomyomas, 22 lipomas, 9 angiomas, 6 neurofibromas 
and 4 fibromas. Thirty-six men and 48 women were affected; the 
majority in their fifth and sixth decade. Seventy-eight were 
operative and 6 autopsy diagnoses. The most common symptom 
was obstruction (42%) followed by hemorrhage (34%) and pain 
(22%), relative frequency differing for the various specific 
tumors. There were rarely significant physical findings. A 
diagnosis of small bowel tumor was made radiologically in 30 
patients. Because of the nonspecificity of other signs and symp- 


toms, an acute awareness of the possibility of small bowel tumor . 


is mandatory for preoperative anticipation of the diagnosis. 
Local resection was performed in all with no deaths or signifi- 
cant postoperative complications. 


Do TUMORS are quite rare in the small bowel and 
—E 


these lesions usually become clinically apparent only 
when they produce complications such as hemorrhage or 
obstruction. 

Since the first collective review of benign small bowel 
tumors by Hearteaux™ in 1899, information about the in- 
cidence and behaviour of these tumors has accrued slowly. 
The most recent extensive study of the literature was of 
1340 cases by River et al. in 1955. 

The records of The New York Hospital-Cornell Medical 
Center were reviewed for the period between 1932 and 
1972. There were 180 cases of primary tumors of the small 
bowel. Eighty-four of these were benign, including seven 
previously reported by Eckel® in 1948. Manifestations of 
systemic diseases, such as Peutz-Jegher s syndrome and Von 
Recklinhausen’s disease were excluded as were ectopic pan- 
creas, periampullary tumors, and ileococecal valve tumors. 
All carcinoid tumors were considered to be malignant. Six 
types of benign tumors were found; leiomyomas, lipomas, 
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angiomas, adenomas, neurofibromas, and: fibroimas a ber a 
anatomic distribution is given in Table l: J 

This communication reports and analyses igi (7E Cases. | 
Cumulative data from the collective review of: ‘River, et al. 
and 657 casegh?:47:912-14.17,19,21,24 from major reviews. since 
1955 are tabulated, presented, and compared ` with: bur 
experience. 


Clinical] Presentation 


Thirty-six of the tumors appeared in male patients and 48 
in females, similar to a near equal sex distribution in 
reported series. *>5%1216€ Thirty-one per cent were in their 
sixth and 28% in their fifth decade, not notably different . 
from the age range of other series.*?7*"**"® Racial dis- 
tribution was 90% Caucasian, 9% Negro, and 1% Oriental, ` 
approximating the admission pattern of The New. York 
Hospital. The eighty-four tumors occurred in 83 patients; 
one patient had a jejunal leiomyoma detected and. rémoved 
eight years following resection of a similar tumor in: the 
duodenum. The symptoms that attracted clinical attention 
are given in Table 2. Six of these tumors were discovered as 
incidental autopsy findings, four of these thought“ in 
retrospect to have caused symptoms. The remaining tumors 
were sufficiently symptomatic to require operation. ` 


Obstruction 


Obstruction was the most common symptom in the group 
as a whole, and was evident in one form or another in 42% 
(35) of the total. Most often the obstruction was evidenced 
by crampy intermittent abdominal pain. Often the symp- 
toms abated and allowed study of the patient and elective 
surgery to be performed. Over half (20) of the patients, 
however, entered the hospital and had an emergency 
laparotomy done for unrelieved obstruction. Of these 
patients 15 had had prior symptoms of intermittent obstruc- 
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Ann. Surg. · February 1975 
TapLe_l. Distribution of Benign Tumors of the Small Intestine been most common from hemangiomas and leiomyomas; 
| 84 New York Hospital Cases other tumors do cause bleeding but less often.21*1 
Total Location 
Histologic Type Number Duodenum  Jejunum Heum Pain 
Leiomyoma 36 7(19%) 14(39*)  15(42%) A significant number of patients, including most of those 
Lipoma 22 7 (82%) 3 (14%) 12 (54%) d ab ak kroni bst t 
Angioma 9 3 (33%) 6 (66%) noted a ove o have chronic obstructive symptoms, 
Adenoma 7 2 (28%) 5(72%) presented with some pain. In 18 (22%) pain was a predomi- 
7 ei 6 1(17%) 2 a — nant symptom. It was always of a colicky nature and usually 
Eeo i o — — followed meals. This closely resembles the pain described 
i 84 17(20%) = -22(26%) == 45(54%) by others'*!® although a burning component has at times 


ca 1981 Collected Cases Where Location was Specified caused false diagnosis of peptic ulcer disease.'® The reported 





-Leiomyoma ` 380 73(19%)  168(44%)  189(87%) incidence of significant pain from benign small bowel 
‘Lipoma ` 301  72(24%)  54(18%) 175 (58%) aie 2,8,7,10,14,16,19,20,22 
Aaa J 919 18( 8%)  99(47%) 95 (45%) tumors ranged from 12% to 36%. 
Adenoma —— 245 97 (89% ) 61 (25%) 87 (36% ) ; 
-Neurofibroma - 76  1206%) 24(8a%)  4o(s2g) Weight Loss 
:, Eibromas — 153 8( 5%)  26(18%)  119(77%) Weight loss is an uncommon symptom from small bowel 
=. ~Fibromyomas 64 12 (18%) 17 (26%) 35 (56% ) I | ti d 
" “ss Myofibromas 10 1 (10%) 3 (30%) 6 (60%) tumors. In our experience only one patient reporte 
‘os Myxomas © 6 1 (16%) 5 (84%) preoperative weight loss. This patient had a duodenal 
~- *Villous Adenomas 15 9 (60%) 3 (20%) 8(20%) tumor and regained his weight following removal. Among 
. . Neurolemmomas 1 (50% ) 1 (50%) h Í b d with — 
Polyps... 7 945 61 (25%) 63 (26%) 121 (49%) the patients observed with acute intestinal obstructions, 
- .. Fibrogdenomas 12 4 (33% ) 2 (17%) 6(50%) weight loss may be common especially when the obstruc- 
— —— 791  867(21%)  522(80%) 832 (49%) tion is high in the small bowel. This loss of weight however 


| See js transient and corrected by replacement of fluid losses 


from vomiting. Other reports except for River's cumulative 
review also indicate that weight loss is a rare symptom. 


| tion and*-only five underwent emergency surgery for 


‘obstruction without prior symptoms. 


oe Specific Tumors 
Hemorrhage Leiomyomas. Leiomyomas are intramural tumors com- 


Twenty-eight patients (84%) presented with bleeding, in posed of whorls of smooth muscle closely resembling the 


13 severe enough to require emergency laparotomy. 
Hemorrhage has been reported in from 9% to 58% of 
previous series. 2 510, 1416, 18, 20.22 Hemorrhage has generally 


normal muscularis. These tumors are usually well cir- 
cumscribed but ordinarily lack a true connective tissue cap- 
sule. They grow by expansion with compression of lumen 


Taste 2. Clinical Features of Benign Small Bowel Tumors 


84 New York Hospital Cases 
Acute Obstruction 


oe Bat Son í 





EPC CE Total Intususs- Chronic Weight 
cog Tumor Cases Bleeding Pain ception Other Obstruction Loss Mass 
“2 opeiomyoma 36 14(39%) 6 (17%) 8 (8%) 2(5%) 11 (80%) 2 (5%) 
iit tipoma - 29 6(27%)  5(23%)  7(31%)  2(1%)  10(45%) 
eas Angioma 9 6 (67%) 3 (33%) 0 (0%) 
“PES Adenoma: - 7 2 (29%) 1(14%)  3(42%) 2 (29%) 1 (12%) 
i” i Néurofibroma 6 2 (83%) 3 (50%) 4 (67%) 
vAn u Eibroma 4 1 (25%) 0(0% ) 8(75%) 0 (0%) 
= E Pétals. 4 28 (34%)  18(22%)  16(19%)  4(5%)  30(37%)  1(1%) 2 (2%) 
o Collected Cases 
(1047 tumors of similar cell types in which 
adequate data is available for tabulation) 
Leiomyoma 196 87 (45%) 106 (54% ) 25 (138%) 27 (29%) 57 (29%) 26 (13%) 51 (26%) 
Lipoma 224 32 (14%)  35(16%7 114(51%)  22(10%) 21 (9%) 56 (25%). 
Angioma 134 55 (41%) 42 (31%) 18 (18%) 20 (15%) 9 (7%) 14 (10%) 
Adenoma 232, 70 (30% ) 50 (25% ) 119 (51%) 31 (18%) 39 (17%) 62 (27%) 
Neurofibroma 90 32 (86%) 37 (41%) T (8%) 20 (22%) 5 (6%) 22 (25%) 
Fibroma 163 30 (18%) 116(69%) 105 (63%) 83 (20%) 32 (19%) 45 (27%) 
Totals 1037 306 (30%) 386 (38% ) 388 (388%) 183 (18%) 182 (138%) 250(24%) 
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and stretching of the mucosa as the mass increases in size. 
Ulceration is due to compromise of attenuated blood vessels 
rather than invasion. The bulk of the tumor may be on the 
serosal side of the bowel and the lesion may have a 
dumbbell shape due to the increased resistance to expansion 
by the muscularis as compared to the serosa and submucosal 
areolar connective tissue. 

Some nuclear pleomorphism may be seen in benign 
tumors. A diagnosis of malignancy is based on increased 
mitotic activity indicated by more than one mitotic figure 
per high power field. Palisading of nuclei into rows is fre- 
quently seen in leiomyomas and should not be considered 
characteristic of a nerve sheath tumor which is an extremely 
rare entity in the intestine. Hyalinization of variable degree 
may be observed in some leiomyomas which is undoubtedly 
the basis of designations such as fibromyoma or myofibroma 
in other reports. 

These tumors were the most prevalent of all cell types in 
both our own and the previously reported experiences. The 
distribution through the small bowel was rather uniform, if 
the shorter duodenal length is considered. Both bleeding 
and pain were frequent presenting symptoms,*’ each oc- 
curring in over 40% of patients (combining collected cases 
with our own). Acute obstruction was common, occurring in 
over one-fourth of patients, but was less often due to in- 
tussusception than with some other tumors. Perforation is 
very rare (seven cases have been reported), but except for 
one neurofibroma, small bowel tumors that do perforate 
have been universally leiomyomas.’® Peak age of occurrence 
is in the fifth decade? and there is no sexual predominance. 

Lipomas. Intestinal lipomas are  well-circumscribed 
masses of adult adipose tissue, occasionally surrounded by a 
delicate collagen capsule. Most of these lesions arise within 
the submucosa and they grow by expansion with compres- 
sion of the lumen. It seems likely that many of these lesions 
are hamartomas rather than neoplasms. Most lipomas have 
scant vasculature but in some lesions, vessels are more 
prominent and these are occasionally designated 
angiolipomas. Fat necrosis may be prominent in some 
tumors and the presence of foreign body type cells with fat 
necrosis should not be mistaken for liposarcoma. 

Over half of the lipomas reported, in both our own and 
cumulative experience were in the ileum. There was a high 
incidence (51% of those in previous reports and 31% of our 
patients) of intussusception. Nearly half of our patients had 
symptoms of chronic intermittent obstruction. Bleeding was 
less frequent than in the other common tumors, being 
found in only 14% of collected cases. Fifteen of our 22 
patients were men. Our peak age of occurrence was the 
seventh decade, in River's cases more patients were in their 
sixth decade. 

Angiomas. True angiomas are discrete, well cir- 
cumscribed or encapsulated masses, composed of blood 
vessels. Capillaries and thin-walled veins usually 
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predominate, but arteries and arterioles may be seen. Some 
of these lesions are probably hamartomatous arteriovenous 
malformations rather than vascular neoplasms, but their cir- 
cumscription distinguishes them from disorders such -as 
Osler-Weber-Render syndrome. The lesions are usually i in 
the submucosa. 

Angiomas were the third most common of the tumors in 
our series, and fourth among collected cases, comprising 


about 10-12% of each group. Bleeding was the predomi: 


nant presentation occurring in 6 of our 9 patients, ‘and: 
slightly less often in other reports. Most of the patients were, 
in their seventh decade. There were five men and four 


women. Pain has been reported in a substantial number of 
cases and was present in three of our nine cases. 
Adenomas. 


Adenomas are neoplasms of surface. 


epithelium usually in the form of a nodular mass with a stalk. .: 


composed of normal mucosa and submucosa. The rāte,- - 


epithelial tumors of small bowel with a uniform villous’ or. E 


papillary pattern were associated with invasive carcinoma’ `- 


in all instances in our experience. Some lesions originally. - 
classified as adenomas proved to be inflammatory polyps.on . 


review, and are not included in our report. Adenomis. ‘differ: 


from the polyps seen in Peutz-Jeghers syndrome ‘in that. the n 
latter have a smooth muscle component suggesting: that 


they are hamartomas. — 


There were only 7 adenomas in our series. Adenomas i 


represent 12 percent of all reported cases. When ours and 
collected reports are combined, there is a fairly even age 
distribution and acute obstruction, usually by intussuscep- 
tion, was the predominant (64% ) presentation. A dispropor- 
tionate number (89%) were found in the duodenum. 
Neurofibromas. Neurofibromas are isolated tumors of 
nerve sheath origin usually unencapsulated and poorly cir- 


cumscribed lesions composed of wavy, fibrillary elements. 
These lesions are identical to those seen in systemic: : 
neurofibromatosis (von Recklinghausen’s disease). Théey-aré ~~ 
found in submucosa, muscularis or serosa, reflecting the. disi 


* 


tribution of nerve tissue. 
There were 6 neurofibromas in our series: 


somewhat less common in total collected cases. They us 
ually occur in the ileum, and bleeding (86%) is more freiz f 
quent than other symptoms. Intussusception occurred in- 8°: 
of our cases but was reported in only 7 of 90 neurofibromas * 
in the cumulative review. Most reported cases have-been in . 2 


‘they:. o ee 


ar . 
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their fifth or sixth decade. One instance of perforation hasi ~ 


been reported.”® 
Fibromas. Fibromas are circumscribed tumors con- 


sisting of dense thick collagen bundles and variable- 


numbers of mature appearing fibroblasts. These tumors 
may occur in submucosa, muscularis or serosa. In some in- 
stances scar tissue may be indistinguishable from a fibroma 
but usually the fibroma shows a greater degree of cir- 
cumscription. 

Four small intestinal fibromas were found in our material, 


alli in male patients; three of these were in the euni: From 
the collective review it may be seen that 65% of fibromas 


= -cause intussusception and obstruction. Pain was the second 


most common finding. Fibromas are mainly found in adults 
with evenly distributed age occurrence. 


Diagnosis 


The diagnosis of small bowel tumors is difficult and most 
‘often only established at the operating table. Tumors of the 
stomach and the large bowel are fairly easily diagnosed by 
conventional barium x-rays or by direct visualisation 
through the gastroscope or colonoscope. The large volume 
of succus entericus, the length of the small bowel and rapid 
passage of the medium through the intestine tend to make 
the x-ray diagnosis of small bowel tumors difficult and not 
-* easily reproducible. In our cases a radiological diagnosis of 
- small bowel tumor was made 30 times. 

' The most common symptoms of small bowel tumor, 
r - obstruction and bleeding are also quite nonspecific and do 


“Anat necessarily lead to the correct diagnosis. In the case of 
_, small bowel obstruction, the most common cause is in- 
7 testinal adhesion or hernias. In the case of blood in stools 


the most common sources are in the colon, anus, stomach 
„Or. duodenum. 
“The clinician however should become suspicious when a 
. patient with no previous operation has intermittent bouts 
= of small bowel obstruction, or intermittent crampy ab- 
dominal pain. Similarly the patient with occult blood in the 
stool and normal examination of the upper and lower gas- 
_ trointestinal tract should be suspect. The sign of frankly 
bloody stool or currant jelly stool as seen in infarct with in- 
. tussusception may of course be pathognomic. The clinician 
.who encounters patients of this type must bear the possibil- 
ity of small bowel tumor in mind, and also recognize that 
_ the diagnosis may not be made except through an opera- 
tion. Intussusception in ‘adults is almost always caused by a 
tumor, benign or malignant. 


Treatment and Results 


“All of the tumors diagnosed intraoperatively were 

+ treated by local segmental or wedge resection. There were 

‘no deaths in operation or operative admission. No patient 
= suffered significant postoperative complications. 


17. 


18. 


24. 


BENIGN SMALL BOWEL TUMOR 


References 


. Botsford, T. W., Crowe, P. and Crocker, D. W.: Tumor: 


Intestine. Am. J. Surg.’ 103:358, 1962. 


. Braasch, J. W. and Benbo, M. E.: Tumors of the Small In 


Clin. North Am., 44:791, 1964. 


. Cherry, J. W. and Hill. R. L.: Leiomyomas of Jejunun 


Imitating Symptoms of Duodenal Ulcer. Arch Surg., | 


. Cohen, A., McNeill, A., Tenz, J. J. and Lawrence, W.: 


the Small Intestine. Am. J. Dig. Dis., 16:815, 1971. 


. Darling, R. C. and Welch, C. E.: Tumor of the Small Inte: 


J. Med., 260:397, 1939. 


. De Castella, H.: Brunner's Gland Adenoma. An Unus 


Internal Bleeding. Br. J. Surg., 53:153, 1966. 


. Ebert, P. A. and Zuidema, G. D.: Primary Tumor of the 


tine. Arch. Surg., 91:452, 1965. 


. Eckel, J. M.: Primary Tumors of the Jejunum and Ile 


23:467, 1948. 


. Hancock, R. J.: An 11 year Review of Primary Tumors 


Bowel Including the Duodenum. Can. Med Ass. J., 10 


. Hashe Mian, M.: Familial Fibromatosis of the Small In 


Surg., 40:346, 1953. 


. Heurteaux, A.: Note Sur les Tumeurs Benignesde l'inte 


Prov chir., 8:701, 1899. 


. Kelsey, J. R., Bentlif, P. S. and Casey, T. M.: Small Bowe 


Report of 100 Cases. Tex. Med., 61:383, 1965. 


. Moertel, C. G., Sauer, W. G., Dockerty, M. B. and Bagge 


Life History of the Carcinoid Tumor of the Small Inte: 
14:903, 1961. 


. Ostermiller, W., Joergenson, E. J. and Weibel, L.: A Cl 


of Tumors of the Small Bowel. Am. J. Surg., 111:40 


. Raiford, T. S.: Tumors of the Small Intestine. Arch. S 


1932. 


. River, L., Silverstein, J. and Tope, J. W.: Collective Re 


Neoplasms of the Small Intestine. A Critical Cc 
Review with Reports of 20 New Cases. Int. Abstr. 
1956. 

Sawyer, R. B., Sawyer, K. C., jr., Sawyer, K. C., Sr. 
R. R.: Benign and Malignant Tumors of the Sm 
Am. Surg., 29:268, 1972. 


Schatzki, R.: Small Intestine Enema. Am. J. Roentge 
1943. 


. Schmutzer, K. J., Mulleran, W. M. and Regan, J. F.: T 


Small Bowel. Am. J. Surg., 108:270, 1964. 


. Sladky, F.: Rare Complication of Benign Small Intestine 


op lek csek, 75:1379, 1936. 


. Strinberg, L. S. and Sheiber, W.: Villous Adenomas 


Intestine. Surgery, 71:423, 1972. 


. Warshauer, Z. B. and Nelson, R. E.: Neurofibroma of ] 


Perforation: Case Report. Am. Surg., 19:467, 1953. 


. Weber, H. M. and Kirklin, B. R.: Roentgenologic Man 


Tumors of the Small Intestine. Am. J. Roentgenol., 4 


Wiancko, K. B. and MacKenzie, W. C.: Primary Tumor: 
Bowel and its Mesentery. Can. Med. Ass., 88: 


(Multi-Vitamin Infusion) 


short term or long term 


Amore comprehensive parenteral 
vitamin formula because... 


M.V.I. includes not only the B complex* and C 
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Vistaril I.M. (hydroxyzine HCI). It helps allay 
the excessive anxiety that can heighten the 
patient’s perception of pain, and helps assure 
calm and cooperative patients. Vistaril I.M. 
also helps minimize secondary postoperative 
complaints, and often relieves postoperative 
confusion. 

Vistaril I.M. may enhance the effect of 
injectable analgesics, such as meperidine, 
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significant depressant effects on respiratory or 
circulatory function and often reduces post- 
operative emesis. 

[t is physically compatible with most 
commonly used analgesics, and can be mixed 
with them in the same syringe. 

Alone, or as an adjunct for use in the man- 
agement of postoperative pain, the maximum 
recommended dosage of Vistaril I.M. is 100 mg. 
While the analgesic dosage needed will usually 
be reduced, the actual dosage of Vistaril I.M. 
should be titrated against the individual patient's 
clinical response. 
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Please see Brief Summary on following page for contraindications, precautions and adverse reactions. 
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Brief Summary 


VISTARIL® (hydroxyzine hydrochloride) Intramuscular Solution 
For Intramuscular Use Only 


Hydroxyzine, when administered to the pregnant mouse, rat, and 

rabbit, induced fetal abnormalities in the rat at doses substantially above 
the human therapeutic range. Clinical data in human beings are 
inadequate. Until adequate data are available to establish safety in early 
pregnancy, hydroxyzine is contraindicated during this period. 
Precautions: Hydroxyzine may potentiate the action of central nervous 
system depressants such as narcotics and barbiturates. in conjuective 
use, dosage for these drugs should be decreased as much as 50%. 
Because drowsiness may occur, patients should be cautioned against 
driving a car or operating dangerous machinery. The usual precautions 
‘or intramuscular injection should be followed: soft-tissue reactions 
lave rarely been reported when proper technique has been used. 
dydroxyzine intramuscular solution should be injected well within the 
dody of a relatively large muscle. In adults, the preferred sites are the 
4pper outer quadrant of the buttock (i.e., gluteus maximus), or the mid- 
ateral thigh. In children, preferably the mid-lateral muscle of the high. 











In infants and small children, the upper outer quadrant of the gluteal 
region should only be used when necessary, as in burn patients, in ord 
to minimize the possibility of damage to the sciatic nerve. The deltoid 
area should be used only if well developed, such as in certain adults a 
older children, and only with caution to avoid radial nerve injury. 
Injections should not be made in the lower and middle thirds of the 
upper arm. Aspiration is necessary to help avoid intravascular injectia: 
Adverse Reactions: Drowsiness may occur: if so, it is usually transitor; 
and may disappear in a few days of continued therapy or upon dosage 
reduction. Dryness of the mouth may occur with higher doses. Involun- 
tary motor activity, including rare instances of tremor and convulsions, 
has been reported, usually with higher than recommended dosage. 
Supply: Vistaril (hydroxyzine HCl) Intramuscular Solution: 25 mg./mi.- 
10 mi. vial; 50 mg./ml.—2 ml. and 10 mi. vial: Isoject®, 25 mg./ml. and 
50 mqg./mi., 1 ml. fill; 100 mg./2 mi., 2 mi. fill. 

Military Depot: NSN 6505-00-052-1367 (50 mg./mi., 10 mi. vial) 

VA Depot: NSN 6505-00-052-1367B (50 mg./mi., 10 mi. vial) 
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Tomorrow's Surgery 
Joday: 


ARTZ & HARDY: Management of Surgical 
Complications—Third Edition 


Wounds, anesthesia, esophageal surgery, appendectomy, pediatric 
surgery . . . for nearly every surgical situation there's a potential com- 
plication, and this isa book that can help you manage or even prevent 
them. Thirty specialists cover both general and regional complica- 
tions, with special attention in this edition given to infections, arter- 
ial surgery, burns and transplantation 


Edited by Curtis P. Artz, MD, Prof. and Chairman of Surgery, Medical College 
of South Carolina; and James D. Hardy, MD, Prof, and Chairman of Surgery 
Univ. of Mississippi School of Medicine. About 860 pp., 315 figs. About $30.00 
Just Ready Order #1422-1. 


DUNPHY & BOTSFORD: Physical Examination of the 
Surgical Patient—Fourth Edition 


A greater emphasis on pathophysiology and descriptions of disease 
entities highlight this new edition. Students will find it a useful 
guide that relates clinical observations to their basic science studies; 
practitioners will value its identification procedures for both obscure 
and obvious conditions. Advances in cardiac and vascular surgery 
and in surgical shock are reflected. 


By J. Englebert Dunphy, MD, Prof. of Surgery, Univ. of California School of 
Medicine, S.F.; and Thomas W. Botsford, MD. Assoc. Prof. of Surgery, Har- 
vard Medical School. About 430 pp., 215 figs. About $16.00. March 

Order #3267-X. 


WILLIAMS & WARWICK: Functional Neuroanatomy 
of Man 


Widespread acclaim for the Neurology section from Gray's Anatomy 
(35th British Edition) has merited its publication as a separate volume. 
Students and practitioners alike will value its comprehensive textual 
overview and detailed illustrations 


By Peter L. Williams, MB, and Roger Warwick, MD, both Professors of 
Anatomy, Guy's Hospital Medical School, London. About 460 pp., 315 figs. 
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ROTHMAN & SIMEONE: The Spine 


Over 20 contributors from diverse specialties investigate basic and 
clinical aspects of spinal development, metabolism and structure in 
this massive text. You'll find detailed chapters on whiplash, 
metabolic bone disease, differential diagnosis of pain, and a unified 
neurosurgical and orthopedic approach to disc disease Both surgical 
and non-surgical approaches to treatment are offered 


Edited by Richard H. Rothman, MD, PhD, Director of Orthopedic Surgery; and 

Frederick A. Simeone, MD, Chief of Neurosurgery; both of Pennsylvaniay 

Hospital, Phila. Two volumes: About 1020 pp., 630 figs About $50.00. Just: 

Ready Order #7716/7. 
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BERK & LASSER: Radiology of the lleocecal Area 


Internists, surgeons and radiologists alike will benefit from this 
penetrating review. Sharp radiographs depict most of the specific 
clinical problems involving the ileocecal valve, appendix, terminal 
ileum and cecum. Emphasis is on simple radiologic techniques used 
regularly in general practice; results of angiography, echography and 
nuclear medicine are also described 


By Robert N. Berk, MD, Prof. and Chairman, Dept. of Radiology, Southwest- 
ern Medical School, Univ. of Texas at Dallas; and Elliott C. Lasser, MD, Prot 
and Chairman, Dept of Radiology, Univ. of California, San Diego. About 350 


pp.. 250 figs. About $22.50. Just Ready Order #1689-5 


The Surgical Clinics of North America, February: 


New Skills in Surgery 
Lloyd M. Nyhus, MD, Guest Editor 


Biochemical monitoring, evaluation of myocardial contractility 
management of oral cancer, lateral internal sphincterotomy . . . here 
are 18 penetrating articles that reflect the latest surgical techniques, as 
explained by their skilled advocates. You'll find new insights in 
cardiac trauma, omphalocele and gastroschisis, body sculpturing, 
and a host of other topics. Start your subscription to the Surgical 
Clinics with this exciting issue, 


About 250 pp. per issue. Illustd. Hardbound. No advertising. Six issues per 


About $19.00. March. Distribution rights: U.S. and Canada. Order #9450-0. year, $27.00 Order #0008. 
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Ktective performance in 
postsurgical and other serious 
susceptible hospital infections 





Bacteriologically controlled studies to D. pneumoniae, Group A beta- 
demonstrated efficacy in patients with: hemolytic streptococci, Klebsiella 
m Skin and soft-tissue infections due spp. or H. influenzae. 

to Staphylococcus aureus, including æ Genitourinary tract infections du 


penicillin G-resistant staph, Group A to E. coli, P mirabilis, Klebsiella 
beta-hemolytic streptococci or Æ. coli. spp. or Staphylococcus aureus, 
æ Respiratory tract infections due including penicillin G-resistant sta] 





Flexible Dosage: adjustable 
to fit severity of infection and 
renal status of patient: 


The usual adult dose of Cefadyl is 0.5 Gm. to 

1 Gm. every 4 to 6 hours intramuscularly 

or intravenously. Doses up to 12 Gm. daily may 
be used in very serious or life-threatening 
infections. 


No nephrotoxicity reported 
during extensive clinical trials 


In fact, when Cefadyl was given to patients with 
marked reduction in renal function and to renal 
transplant patients, no adverse effects were 
reported. However, renal status of patients 
should be determined prior to and during Cefady] 
therapy, since in patients with impaired renal 
eo S function, a reduced dose may be appropriate. 
Low incidence of venous Rises in BUN have been observed; their fre- 
irritation on IN. administration... «wency increases in patients over 50 years old. 
(See Dosage, Adults —in Prescribing Informa- 


well tolerated locally tion on last page.) 


In controlled studies of volunteers and of 
patients receiving I.V. Cefadyl, the incidence of 
venous irritation was low. Controlled studies in 
normal adult volunteers revealed that Cefady!l 
was well tolerated intramuscularly. 

Cephalosporins are reported to produce 
maculopapular rash, urticaria, reactions re- 
sembling serum-sickness and anaphylaxis. 
Eosinophilia and drug fever have been observed 
to be associated with other allergic reactions. 
These reactions are most likely to occur in 
patients with a history of allergy, particularly 
to penicillin. 

In penicillin-allergic patients, cephalosporins 
should be used with great caution. There is 
clinical and laboratory evidence of partial cross- 
allergenicity of the penicillins and the cephalo- 
sporins, and there are instances of patients who 
have had reactions to both drugs (including fatal 
anaphylaxis after parenteral uses, 


Ceta 


sterile 
cephapirin sodium 


Please see next page for Prescribing Information. 











BRISTOL 


Cefadyl. 


sterile 
C pirın sodium 


Effective performance in surgical and other serious 
susceptible hospital infections 


CEFADYL® (sterile cephapirin sodium) 7628 DIRO-OF July 1974 
Description. Cefady! (sterile cephapirin sodium) is a cephalosporin amtibiotic in- 
tended for intramuscular and intravenous administration only. It is supplied as the 
sodium salt of 7-[a-(4-pyridylthio)-acetamido}-cephalosporanic acid. Each 500 mg. 
contains 1.18 milliequivalents of sodium. 

Actions, Human Pharmacology—Following intramuscular administration of single 
500-mg. and 1-Gm. doses to normal volunteers, average peak serum levels of 9.0 
and 16.4 mcg./ml, respectively, were attained at 30 minutes, declining to 0.7 and 
LS mcg./ml, respectively, at 4 hours and 0.2 and 0.3 mcg./ml. respectively, at 

ours. 

Cefadyl and its metabolites were excreted primarily by the kidneys. Antibiotic 
activity in the urine was equivalent to 35% of a 500-mg. dose 6 hours after |.M. 
injection, and to 65% of a 500-mg. dose 12 hours after injection. Followmg an |.M. 
dose of 500 mg., peak urine levels averaged 900 mcg./mi. within the fisst 6 hours. 

Following rapid intravenous administration of single 0.5-Gm., 1-Gm., and 2-Gm. 
doses, peak serum levels cf 35, 67, and 129 mcg./mi. respectively, were attained at 
5 minutes, declining to 6.7, 14.0, and 31.7 meg./ml. respectively, at 20 minutes 
and 0.27, 0.61, and 1.11 mcg./ml. respectively, at 3 hours. 

Seventy percent of the administered dose was recovered in the urire within 6 
hours. Repetitive intravenous administration of 1-Gm. doses over 6-hcur periods 
produced serum levels between 4.5 and 5.5 mcg./ ml, 

44 to 50% of Cefadyl is bound to human serum. The average serum half-life of 
Cefady! in patients with normal renal function is approximately 36 minutes 

The major metabolite of cephapirin is desacety! cephapirin which has been 
shown to contribute to antibacterial activity. 

Controlled studies in normal adult volunteers revealed that Cefady! was well 
tolerated intramuscularly. In controlled studies of volunteers and of patientsreceiv- 
dng hV. Cefady!, the incidence of venous irritation was low. 

Microbiology—in vitro tests demonstrate that the action of cephalosporins re- 
sults from inhibition of cell-wall synthesis. Cefady! is active against the following 
organisms in vitro: 

eta-hemolytic streptococci and other streptococci. (Many strains ef entero- 
cocci, e.g., S. faecalis, are relatively resistant.) 

Staphylococci, including coagulase-positive, coagulase-negative, per cillinase, 
and non-penicillinase producing strains, Dipilococcus pneumoniae, Haemophilus 
influenzae, Proteus mirabilis, Escherichia coli, Klebsiella species 

Most strains of enterobacter and indole-positive Proteus (P, vulgaris, P. mor- 
ganii, P. rettgeri) are resistant to Cefadyl. Methicillin-resistant staphylococci, 
Serratia, Pseudomonas, Mima, and Herellea species are almost uniformly resistant 
to Cefady!. 

Disc Susceptibility Tests—Quantitative methods that require measurement of 
zone diameters give the most precise estimates of antibiotic susceptib lity. One 
such procedure® has been recommended for use with discs for testing susceptibil- 
ity to cephalosporin class antibiotics, interpretations correlate diameters of the 
disc test with MIC values for Cefadyl. With this procedure, a report from the labor- 
atory of “susceptible” indicates that the infecting organism is likely to respond to 
therapy. A report of “resistant” indicates that the infecting organism is sot likely 
to respond to therapy. A report of “intermediate susceptibility” suggests that the 
organism would be susceptible if high dosage is used, or if the infecticn is con- 
fined to tissues and fluids (@.g., urine), in which high antibiotic levels are attained. 
indications. Cefady! is indicated in the treatment of infections caused by suscepti- 
ble strains of the following microorganisms: 

Group A beta-hemolytic streptococci: Skin and soft tissue infections. Respiratory 
infections. 

(Injectable benzathine penicillin is considered to be the drug of choice in treat- 
ment and prevention of streptococcal infections, including the prophylaxis of 
rheumatic fever. Cetady! is effective in the eradication of streptococci from the 
nasopharynx; however, data establishing the efficacy of Cefadyl in the subsequent 
prevention of rheumatic fever are not available at present.) 

Staphylococcus aureus (penicillinase producing and non-penicillinase produc- 
ing): Skin and soft tissue infections. Urinary tract infections. 

iplococcus pneumoniae: Respiratory tract infections. 

Haemophilus influenzae: Respiratory tract infections. 

Escherichia coli; Urinary tract infections, skin and soft tissue infections, and 
bacteremia, 

Klebsiella species: Urinary tract and respiratory tract infections. 

Proteus mirabilis: Urinary tract infections. 

Note: Appropriate bacteriological studies should be performed to identify the 
causative organism and determine its susceptibility. Therapy may be started while 
awaiting results of these studies. 

Contraindications. Cefady! (sterile cephapirin sodium) is contraindicated in pa- 
tients with known allergy to the cephalosporin group of antibiotics 
Warnings. |N PENICILLIN-ALLERGIC PATIENTS, CEPHALOSPORINS SHOULD BE 


‘a USED WITH GREAT CAUTION. THERE IS CLINICAL AND LABORATCRY EVI- 
= DENCE OF PARTIAL CROSS-ALLERGENICITY OF THE PENICILLINS AND THE 


CEPHALOSPORINS, AND THERE ARE INSTANCES OF PATIENTS WHD HAVE 
HAD REACTIONS TO BOTH DRUGS (INCLUDING FATAL ANAPHYLAXIS AFTER 
PARENTERAL USE). 

Any patient who has demonstrated some form of allergy, particularly to sugs, 
should receive antibiotics cautiously and then only when absolutely necessary. No 
exceptions should be made with regard to Cefadyl. 

SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE EME"GENCY 
TREATMENT WITH EPINEPHRINE. OXYGEN, INTRAVENOUS STEROIDS, ANY 
AIRWAY MANAGEMENT, INCLUDING INTUBATION, SHOULD ALSO BE ADMIN- 
ISTERED AS INDICATED, 

Usage in Pregnancy—Safety of this product for use during pregnancy has not 

been established, 
Precautions, The renal status of the patients should be determined prio: to and 
during Cefadyl therapy, since in patients with impaired renal function, a reduced 
dose may be appropriate (see Dosage, Adults). When Cefady! was given to patients 
with marked reduction in renal function and to renal transplant patients, no 
adverse effects were reportec. 

Prolonged use of Cefadyl may result in the overgrowth of nonsusceptible organ- 
isms, Careful observation of the patient is essential. If superinfection occurs dur- 
ing therapy, appropriate measures should be taken. 

With high urine concentrations of cephapirin, false-positive glucose reactions 
may occur if Clinitest, Benedict's Solution, or Fehling’s Solution are usec. There- 


fore, it is recommended that glucose tests based on enzymatic glucose oxidase 


*Bauer, A. W., Kirby, W. M. M., Sherris, J. C., and Turck, M.: Antibiotic Testing by 
a Standardized Single Disc Method, Am. J. Clin. Pathol., 45:493, 1966. Standard- 
ized Disc Susceptibility Test, FEDERAL REGISTER 37:20527-29, 1972. 


reactions (such as Clinistix or Tes-Tape) be used. 

Adverse Reactions. ypersensitivity—Cephalosporins were reported to produce th 
following reactions: maculopapular rash, urticaria, reactions resembling serui 
sickness, and anaphylaxis. Eosinopnilia and drug fever have been observed to b 
associated with other allergic reactions. These reactions are most likely to occt 
in patients with a history of allergy, particularly to penicillin. 

Blood — During large scale clinical trials, rare instances of neutropenia, leukc 
penia, anemia were reported. Some individuals, particularly those with azotemi 
pa Geveloped positive direct Coombs test during therapy with other cephe 
osporins. 

Liver—Eievations in SGPT or SGOT, alkaline phosphatase, and bilirubin hav 
been reported. 

Kidney—Rises in BUN have been observed; their frequency increases in pe 

tients over 50 years old. 
Dosage. Adu/is—The usual dose is 500 mg. to 1 Gm. every 4 to 6 hours intramus 
cularly or intravenously, The lower dose of 500 mg. is adequate for certain infec 
tuons, such as skin and soft tissue and most urinary tract infections. However, th 
higher dose is recommended for more serious infections. 

Very serious or life-threatening infections may require doses up to 12 Gram 
daily, The intravenous route is preferable when high doses are indicated. 

Depending upon the causative organism and the severity of infection, patient 
with reduced renal function (moderately severe oliguria or serum creatinine abov 
5.0 mg./100 mi.) may be treated adequately with a lower dose, 7.5 to 15 mg./K¢ 
of cephapirin every 12 hours. Patients with severely reduced renal function an 
who are to be dialyzed should receive the same dose just prior to dialysis an 
every 12 hours thereafter. 

Children—The dosage is in accordance with age, weight, and severity of infec 
tion. The recommended total daily dose is 40 to 80 mg./Kg. (20 to 40 mg./Ib 
administered in four equally divided doses. 

The drug has not been extensively studied in infants; therefore, in the treat 
ment of children under the age of three months the relative benefit/risk shoul: 
be considered. 
cone in beta-hemolytic streptococcal infections should continue for at leas 
10 days. 

Where indicated, surgical procedures should be performed in conjunction wit! 
antibiotic therap 
Administration. Cefady! may be administered by the intramuscular or the intra 
venous routes, 

Intramuscular Injection—The 1-Gm. vial should be reconstituted with 2 mi. o 
Sterile Water for Injection, U.S.P. Each 1.2 mi. contains 500 mg. of cephapirin 
Ail injections should be deep in the muscle mass. 

Intravenous Injection—The intravenous route may be preferable for patients wit! 
bacteremia, septicemia, or other severe or life-threatening infections who may bi 
poor risks Decause of lowerec resistance resulting from such debilitating condi 
tions as malnutrition, trauma, surgery, diabetes, heart failure, or malignancy 
particularly if shock is present or impending. If patient has impaired renal func 
tion, a reduced dose may be indicated (see Dosage, Adults). In conditions sucl 
as septicemia, 6 to 8 Gm. per day may be given intravenously for several days a 
the beginning of therapy; then, depending on the clinical response and laborator 
findings, the dosage may gradually be reduced 

When the infection has been refractory to previous forms of treatment ani 
multiple sites have been involved, daily doses up to 12 Gm, have been used. 

For patients who are to receive cephapirin intravenously it is convenient to us: 
the 1-Gm., 2-Gm., or the 4-Gm. vial (See Precautions), 

Intermittent Intravenous Injection—The contents of the 1-Gm. vial should bi 
diluted with 10 ml. or more of diluent and administered slowly over a 3- to 5 
minute period or may be given with intravenous infusions. 

The 2-Gm. vial should be diluted with Dextrose Injection, U.S.P, or Sodiun 
Chioride Injection, U.S.P. When only 20 to 25 mi. are added, Sterile Water fo 
injection, U.S.P. may be used. The table below gives concentrations for various: 
diluent volumes. 
Diluent Added (mi.) 

100 


Solution Concentration Grams per mi. 
0.020 


1 Gm. per 50 mi. . 
50 1 Gm. per 25 mi. 0.040 
20 1 Gm. per 10 ml. 0.100 


Intermittent Intravenous Intusion with Y-Tube—Intermittent intravenous infusior 
with a Y-type administration set can also be accomplished while bulk intravenou: 
solutions are being infused. However, during infusion of the solution containing 
Cefady! (sterile cephapirin sodium), it is desirable to discontinue the other solu- 
tion. When this technique is employed, careful attention should be paid to the 
volume of the solution containing Cetady! so that the calculated dose will be in- 
fused. When a Y-tube hookup is used, the contents of the 4-Gm. vial of cephapirir 
should be diluted by addition of 40 ml. of Sterile Water for Injection, U.S.P. 
5 percent Dextrose Injection, U.S.P., or Sodium Chloride Injection, U.S.P. 

Continuous Intravenous Infusion—After reconstitution, Cefady| may be added tc 
the solutions listed below under Stability. The choice of solution and volume 
should be dictated by the fluid and electrolyte management of the patient. 
Stability. Storage Stability: After reconstitution, it is stable for 12 hours at room 
temperature or 10 days under refrigeration when reconstituted with Sterile Wate: 
for Injection, U.S.P, The pH of the resultant solution ranges from 6.5 to 8.5 During 
these storage Conditions, no precipitation occurs. A change in solution color dur- 
ing this s orage time does not affect the potency. 

Compatibility with the Infusion Solutions: Cefadyl is stable and compatible fo 
24 hours at room temperature at concentrations between 2 mg./ml. and 30 mg./mi 
in the following solutions: 

Sodium Chloride Injection, U.S.P., 5% W/V Dextrose in Water, U.S.P., Sodiur 
Lactate Injection, U.S_P., 5% Dextrose in Normal Saline, U.S.P., 10% Invert Suga: 
in Normal Saline, 10% Invert Sugar in Water, 5% Dextrose + 0.2% Sodium Chio- 
ride Injection, U.S.P., Lactated Ringer's with 5% Dextrose, 5% Dextrose + 0.45% 
Sodium Chloride Injection, U.S.P., Ringer's Injection, U.S.P., Lactated Ringer's 
Injection, U.S.P., 10% Dextrose Injection, U.S.P. 

Supply. Cefady! (sterile cephapirin sodium) for I.M. or I.V. Injection. Cephapirir 
sodium equivalent to 1 Gm., 2 Gm., or 4 Gm. cephapirin. NDC 0015-7628—1-Gm 
vial. NDC 0015-7629—2-Gm. vial. NDC 0015-7630—4-Gm. vial. 

For information on package sizes available, refer to the current price schedule 


BRISTOL LABORATORIES 
BRISTO Division of Bristol-Myers Company 
Syracuse, New York 13201 
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MEDI-SCAN Q&A a 


What’s wrong with this“patient”? 


(NOTE: Diagnostic signs from severa! 
patients are combined.) 


Supplementary 
vitamins in surgical 
aftercare 


Inadequate nutrition prior to surgery. 
Difficulty ingesting food because of 
pain. Inability to digest and assimilate 
food. General lack of cooperation at 
mealtime. Any or all of these reasons 
can lead to vitamin deficiency — 1n as 
short a time as 10 to 12 days— in the 
postoperative patient. 

As soon as oral medication is 
tolerated, therapeutic Berocca Tablets — 
balanced B-complex and C vitamins — 
can supplement inadequate dietary 
vitamin intake throughout the recovery 
period. What’s more, each tablet 
provides 500 mg vitamin C —involved 
in collagen formation and tissue 
repair, among other actions. 








When nutritional 
supplementation is indicated 
in surgical aftercare 


BEROCCATBLES 
IS THERAPY 


With balanced, high potency 
vitamin B-complex and 500 mg vitamin C 
Virtually no odor or aftertaste 

Low priced Rx formula 





*Diagnosis appears on next page. 


See next page for summary of Product 
Information. 





DIAGNOSIS: Postgastrectomy 
(Billroth No. II) and its compli- 
cations: (A) Barium meal 
showing gastrojejunostomy ; 
(B) Endoscopy showing gastro- 
jejunostomy; (C) X-ray of the 
pelvis showing osteoporosis; 
(D) Flat plate of the abdomen 
showing small bowel obstruction; 
(E) Glucose tolerance test 
showing late hypoglycemia. 


Please see complete product information, 
a summary of which follows: 


Each Berocca Tablet contains: 


Thiamine mononitrate 


(Vitamin Bı) 15 mg 
Riboflavin (Vitamin Bə) 15 mg 
Pyridoxine HCl ( Vitamin Bs) 5 mg 
Niacinamide 100 mg 
Calcium pantothenate 20 mg 
Cyanocobalamin | Vitamin B;») 5 meg 
Folic acid 0.5 mg 
Ascorbic acid ( Vitamin C) 500 mg 


Indications: Nutritional supplemen- 
tation in conditions in which water- 
soluble vitamins are required 
prophylactically or therapeutically. 
Warning: Not intended for treatment 
of pernicious anemia or other primary 
or secondary anemias. Neurologic 
involvement may develop or pro- 
gress, despite temporary remission 
of anemia, in patients with perni- 
cious anemia who receive more than 
0.1 mg of folic acid per day and who 
are inadequately treated with 
vitamin Bj». 

Dosage: | or 2 tablets daily, as indi- 
cated by clinical need. 

Available: In bottles of 100. 


ROCHE LABORATORIES 
Division of Hoffmann-La Roche Inc 
Nutley. New Jersey 07110 





AU PADGETT MANUAL ÀS 


ERMATOME 





DERMATOME 





ALUMINUM 
DRUM 


a 
Versatile 
v 
Guaranteed 


- 
Finest Quality 





IMPROVED TO SIMPLIFY SKIN GRAFTING! 


Accurate and uniform grafts up to 4 to 8 inches. Throw- 
away Blades, Dermatome Tape, and other accessories 
available for all models. Will take pattern grafts. and 
will resplit grafts. Proven by thousands of Surgegns. 


Write Today For Complete Information! 


PADGETT DERMATOME DIVISION 


2838 WARWICK TWFY., KANSAS CITY, MO. 64108 


This 
Publication 


is Available in 





MICROFORM 


from... - 


Xerox University Microfilms 


300 North Zeeb Road 
Ann Arbor, Michigan 48106 
(313) 761-4700 


PLEASE WRITE FOR 
COMPLETE INFORMATION 
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PAIN RELIEF 
FOR THE MAJORITY 


NO.4-for pain intensity below the need for injectables 


As a rule, only pain that requires morphine is beyond the scope 
of Empirin® Compound with Codeine No. 4. That's because it 
delivers a full grain of codeine. (In the preferred phosphate 
form.) Its antitussive action is particularly appreciated by 
patients with fractured ribs, and following chest or abdominal 
surgery. Its low addiction liability is a bonus for all patients who 
require potent analgesia q 


NO.3-for almostall other kinds of lesser pain 

Most other kinds of lesser pain respond to Empirin Compound 
with Codeine No. 3—whether musculoskeletal. neurological, 
soft-tissue or visceral. One might say No. 3 is an “all-purpose” 
analgesic — not too little, not 

too much. Just right far your — angie Pas 
out-patientsinthesecategories. Wellcome / North Carolina 27709 









Wherever it hurts 


EMPIRIN COMPOUND c CODEINE 


No.3, codeine phosphate*(32.4 mg) gr 1⁄2- No.4, codeine phosphate*(64.8 mg) grl 


, Catteine er ! 






Each tablet also contains aspirin gr 344, phenacetin gr 2} 


“Warning —may be habit-forming 
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MONITORING 





VERSATILITY TAILORED 







Electrocardiograph 


Start with the basic 
mobile ECG — solid- 


state; patient-isolated; 
automatic lead marking. 


ECG with Monitor on Mobile Stand 
Add the CS/515 Monitor/ Heart Rate 
Meter and a stabilizer for the stand to 
give you a 1-bed ICU, or an ideal 
combination for surgery, recovery or 


emergency room. 


Complete Compact Coronary Care Center 


Add the defibrillator 


combination for interim intensive care or graded 


Stress-testing. 


TO YOUR NEEDS 


‘synchronizer for a versatile low-cost 


BURDICK’S MOBILE COMPACT CORONARY CARE CENTER 

Burdick has developed a sensible and economical approach to building 
your monitoring capabilities tailored to need. It answers the three demands of 
sound operational economy — mobility, versatility, and equipment utilization 
between departments. Using the proven concepts of the Burdick CCCC you 
buy the components as you need them. 


For a brochure and additional supportive data, contact your Burdick 
dealer or write The Burdick Corporation, Milton, Wis. 53563. 


BURDICK 


pace Age Microbicidal Power 


For optimal preoperative skin degerming —BETADINE Surgical Scrub. Chosen 
by NASA for Apollo 11/12/14 splashdowns, BETADINE Surgical Scrub provides 
a golden microbicidal lather for prepping the operative site ...kills both gram- 
positive and gram-negative bacteria (including antibiotic-resistant strains), fungi, 
viruses, protozoa and yeasts... promptly achieves full microbicidal effect with 
each usage. (In the rare instance of local irritation or sensitivity, discontinue use 
in the individual.) 


To enhance antisepsis— BETADINE Solution or BETADINE Aerosol Spray. After 
initial prepping with BETADINE Surgical Scrub, paint the operative area with 
BETADINE Solution (chosen by NASA for the Skylab mission), or spray with 
BETADINE Aerosol Spray...both are fully microbicidal and film-forming... 
maintain microbicidal activity in the presence of blood, pus and serum...treated 
area may be bandaged, taped or covered by a cast. 


To help maintain postoperative antisepsis—Reapply BETADINE Solution or 
BETADINE Aerosol Spray after suturing and during redressing. BETADINE 
microbicides are virtually nonirritating and do not stain skin and natural fabrics. 





COLOPLASF proved 











and used by people all 
De over the world. 


Twenty years ago, Dansk Coloplast of 
Denmark produced the first self-adhering, 
disposable ostomy bags. Today, doctors and 
nurses all over the world are familiar with 
COLOPLAST Brand, which has grown to include 
a complete and versatile line of ostomy products, 
plus sterile products for O.R. use. 

Much of the worldwide success Dansk 
Coloplast enjoys can be attributed to the unique 
hypo-allergenic adhesive they developed. The 
rest is due to the superb quality of their products. 
And a strict system of controls maintains this 
quality from product to product. 

COLOPLAST Brand ostomy bags are 
simple to apply, comfortable and secure to wear, 
and easily removed. The compact, one-piece 
design requires no assembly and is disposable. 
Patients find the COLOPLAST Brand way an 
easy-to-learn self-care regimen. And, its 
simplicity tends to promote good hygiene. 

C. R. Bard, Inc., a leader in the manufacture 
of quality medical products since 1907, is now 
distributing COLOPLAST Brand products 
throughout the United States and Canada. 


Write for additional information, educational 
booklets and free sample products. 


COLOPLAST/ BARD, INC. 


731 CENTRAL AVENUE. MURRAY HILL, NEVV JERSEY 0797 
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BETADINE Antiseptic Gauze Pad 
BETADINE Solution Swabsticks 
BETADINE Solution Swab Aid 
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BETADINE Antiseptic Gauze Pad 


Topical microbicidal dressing (3” x 9”) 
impregnated with the same active ingredient as in BETADINE 
Solution... tor prevention and treatment of surface infections 


...degerming the skin and disinfecting wounds, burns, 
lacerations and abrasions 







BETADINE 


Solution Swabsticks 
Antiseptic applicator tips for | 
hard-to-reach smaller sites, in- § = 
cluding folds and creases. Use for 
degerming the skin prior to injec- 
tions, aspirations, surgery, uri- 
i metanees nary catheterization; in disinfection of skin 
— a in minor wounds; in preoperative oral tissue 
degerming; preparing skin for dressing changes 
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BETADINE 
Solution Swab Aid 


Small single-use antiseptic pad for prompt degerming of 
small skin areas prior to such procedures as injections, 
aspirations, catheterization and surgery . . . and in cuts, 
minor wounds, burns, lacerations and abrasions. 
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Painful gas accumulation in the gut, due to altere 
intestinal motility, aerophagia and increased salivation, 
often complicates surgical aftercare. 

To help avoid or dispel the acute discomforts of 
post-op pain in the gut, Phazyme provides simethicone, 
“an effective, safe and simple method of preventing 
abdominal distention, gas pain and reducing the incidence 
of ileus.” '* 


Phazyme’s unique dual-phase action releases 
lina of specially-activated simethicone initially to 
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Phazyme 





the stomach for immediate dispersion of entrapped g 

The protected inner core delivers an additional 
40 mg. of specially-activated simethicone to relieve 
pain of entrapped gas throughout the lower G.I. tract 

Phazyme also provides 240 mg. of pancreatin 
directly to the small intestine to help assure normal 
digestion. 

And Phazyme is safe... no systemic effects... no 
untoward reactions ...no contraindications other than 
known allergy to an ingredient. 


1. Gibstein, A., et al.: Prevention of postoperative abdominal distention 
and discomfort with simethicone, Obstet. Gynecol. 38:386, Sept. 1971. 


*Italics ours. 
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pHisoHex® 


sudsing —— soapless skin cleanser 
pHisohex contai a colic dai oispersion of hexa 


chlorophene 3% in a stable emulsion consisting of 
entsufon sodium (sodium octylphenoxyethoxyethy 
ether sulfonate) 50%. petrolatum 7%, lanolin choles- 
terols 0 7%. methyicellulos polyethylene glyco! 
polyethylene glycol monostearate lauryl myristy! gi- 
ethanolamide, sodium benzoate, and water. pH (5.0 
to 6.0) is adjusted with hydrochloric acid. All ingred:- 


Actions: pHisoHex has bacteriostatic action against 
staphylococci and other gram-positive bacteria. Cu- 
mulative antibacterial action develops with repeated 
use 
Indications: pHisoHex is indicated for use as a sur- 
gical scrub and a bacteriostatic skin cleanser, It may 
also be used for washing to control an outbreak of 
gram-positive infection in the nursery when good 
ospital pract inadequate as a total pro 
It should be used only as 
essary for infection control. (See Warnings.) 
Contraindications: pHisoHex should not be used on 
burned or denuded skin. It should not be used as an 
occlusive dressing, wet pack, or lotion. It should not 
be used routinely for prophylactic total body bathin 
it should not be used as a vaginal pack or tampon. 
or on any mucous membranes. pHisoHex should not 
be used on persons with sensitivity to any of its com- 
ponents. It hould not be used on persons who have 
demonstrated primary light sensitivity to halogen- 
ated phenol derivatives because of the possibility of 
cross-sensitivity to hexachlorophene. 
Warnings: RINSE THOROUGHLY AFTEh USE, espe- 
cially from sensitive areas such as the scrotum and 
perineum. 
Inf 
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dermatoses, are particularly susceptible to hexa 
hlorophene absorption. Systemic toxicity may be 
nanifested by signs of stimulation (irritation) of the 
central nervous system, sometimes with convulsio 
Jacuolization has been reported, with a symmetrical 
rostroca ida! distribution in the brainstem reticular 
formation of premature infants of low birth weight 
especially those with skin rashes and wounds, whc 
ied with 3% hexachiorophene. However, the 
clinical orrelates of such vacuolizaton have not 
been establis shed since these infants also had critica! 
linical conditions or pathologic findings of inge 
pendent etiology. Some recent opinions express par 
ticular ncern with respect to the use of pHis oHex 
on premature infants. Although the scientific picture 
is still incomplete. pHisoHex should not be used on 
premature infants unless, in the judgment of the pre- 
cribing physician, its use is required by the unique 
rcumstance f an individual case 

When preparations containing hexachloropnene are 
left in contact with burned or denuded skin of mu- 
cous membranes, sufficient hexachlorophene may be 
absorbed to cause toxic symptoms 

PHISOHEX SHOULD BE DISCONTINUED 
PROMPTLY IF SIGNS OR SYMPTOMS OF CERE- 
BRAL IRRITABILITY OCCUR. Experimental and 
clinical evidence indicates that hexachlorophene tox- 

city is reversible 

in a small number of reported cases, fatal intoxica- 
tions from hexachlorophene have occurred. These 
cases include misuse of 3% hexachlorophene on 
burned skin, or exposure to, a powder accidentally 
containing approximately 6.5% hexachlorophene 
Examinations of brain tissue in some of these cases 
revealed vacuolization like that which can be pro- 
duced in newborn experimenta! animals following re- 
peated topical application of 3% hexachlorophene 
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Why pHisoHex” 


pHisoHex contains 3% hexa- 
chlorophene with cumulative 
antibacterial action on the 
hands, unique among anti- 
bacterial agents. 


Why is this important? 


pHisoHex continues to protect 
during the interim between 
scrubs if used regularly as 
directed. 


Is there an alternative? 


While more frequent washing 
with other agents is an alter- 
native, it is not a practical one 
for prolonged surgery. 


But there’s no need for an 


alternative! 

Nonalkaline, hypoallergenic 
pHisoHex is clearly indicated 
for staphylococci and other 
gram-positive bacteria as a 
bacteriostatic hand cleanser 
and surgical scrub. Rinse 
thoroughly after use. 


pHisoHex is intended for external use only. It swal- 
lowed, pHisoHex is harmful, especially to infants 
and children. pHisoHex should not be poured into 
measuring cups, medicine bottles or similar con- 
tainers since it may be mistaken for baby formula or 
other medications. 
Precaution: pHisoHex suds that get into the eyes 
accidentally during washing should be rinsed out 
promptly and thoroughly. 
Adverse Reactions: Dermatitis and photosensitivity 
Sensitivity to hexachlorophene is rare; however, per- 
sons who have developed photoalliergy to similar 
compounds also may become sensitive to hexacnioro- 
phene. 
In persons with highly sensitive skin, the use of 
pHisoHex may at times produce a reaction charac 
terized by redness and/or mild scaling or Gryness, 
especially when it is combined with such mechanical 
factors as excessive rubbing or exposure to heat or 
cold. 
Treatment of Accidental Ingestion: The accicenta! 
ingestion of pHisoHex in amounts from 1 to 4 oz. hes 
aused anorexia, vomiting, abdominal cramps, diar 
rhea, dehydration, convulsions, hypotension and 
shock, and in several reported instances fatauties 
The stomach should be evacuated by emesis or lav- 
age followed by 2 oz. of olive oil or vegetable ot and 
then by a saline cathartic with —— and sup- 
portive treatment as indicated. See package msert 
or POR for details 
How Supplied: pHisolHex is available in unbreakable 
plastic squeeze bottles of 5 ounces, 1 pint, plastic 
bottles of 1 gallon, and % oz. (8 mi.) unit packets, 
boxes of 50. oHisoHex should not be dispensed trom, 
or stored in, containers with ardinas y metal parts 
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e With 93% efficacy in respiratory tract infections. 
In clinical trials, Ancef’ produced good or excellent responses” in 93% of 377 
patients with respiratory tract infections due to susceptible organisms (See 
Indications section of brief summary for list of organisms) 


e With high and prolonged serum levels. 
Following single 1 gram IV injections in healthy adult volunteers, ‘Ancef’ pro- 
duced average peak serum levels of 190.0 mcg/ml. At four hours, levels of 16.5 
mcg/ml were still present. 


e With a low risk of phlebitis at the IV injection site. 


Of 273 patients receiving Ancef intravenously, 6 patients or 2.2% reported 
ohlebitis at the injection site. These data were derived from pre-marketing 
clinical studies in small populations. While further clinical experience may reveal 
a greater incidence of adverse effects, it should be noted that the incidence of 
known phlebitis has not increased with over a year's clinical experience since 
introduction 


e With no reported nephrotoxicity. 
(Transient rise in SGOT, SGPT, BUN and alkaline phosphatase levels has been 
observed without evidence of renal or hepatic impairment.) 


e With the flexibility of IV or IM administration. 


Adverse Reactions 

Adverse reactions reported in clinical trials included pain on injection, rash, G.I. 
symptoms, pruritus, and phlebitis. For a complete list of adverse reactions 
reported with Ancef' therapy, please see next page. 


Warning: In penicillin-allergic patients, cephalosporins should be used with great 
caution because of evidence of partial cross-allergenicity 


“(Excellent response: Initial improvement at 1-3 days with maximum improvement between 3-7 days 
Good response: Initial improvement at 2-4 days with maximum improvement between 4-10 days 
Results collected from identical clinical protocols 


See next page for a brief summary of the prescribing information. 
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‘CEFAZOLIN SODIUM 





meets the challenge, IV or IM 


Before prescribing, see complete prescribing information in 
SK&F literature or PDR. The following is a brief summary 


DESCRIPTION 
Ancef® (sterile cefazolin sodium, SK&F) is a semi-synthetic 
cephalosporin for parenteral administration. It is the sodium salt 
of 3- \[(5-methy!-1. 3. 4-thiadiazol-2-y!) thio] methyl!) -8-oxo-7- 
_ [2-(1H-tetrazol-1-yl) acetamido] -5-thia-1-azabicyclo [4.2.0] act- 
ye-ene-2-carboxylic acid The sodium content is 46 mg. per gram 
“of cefazolin 


“ACTIONS 


Microbiology: /n vitro tests demonstrate that the bactericidal 
action of cephalosporins results from inhibition of cell wall 
synthesis. Ancef is active against the following organisms in vitro 


Staphylococcus aureus (penicillin-sensitive and penicillin- 
resistant) 


Group A beta-hemolytic streptococci and other strains of streo- 
tococci (many strains of enterococci are resistant) 


Streptococcus pneumoniae (formerly Klebsiella species 
D. pneumoniae) 
Escherichia coli 
Proteus mirabilis 


Most strains of Enterobacter cloacae and indole positive Proteus 
(P. vulgaris, P. morgani, P. rettgeri) are resistant. Methicillin- 
resistant staphylococci. serratia, pseudomonas, mima, herellea 
species are almost uniformly resistant to cefazolin 


INDICATIONS 

Ancef (sterile cefazolin sodium, SK&F) is indicated in the treat- 
ment of the following serious infections due to susceptible 
organisms 


Respiratory tract infections due to Streptococcus pneumoniae 
(formerly D. pneumoniae), Klebsiella species, Hemophilus 
influenzae, Staphylococcus aureus (penicillin-sensitive and 
penicillin-resistant), and group A beta-hemolytic streptococc 
Injectable benzathine penicillin is considered to be the drug ef 


choice in treatment and prevention of streptococcal infections 
including the prophylaxis of rheumatic fever. Ancef is effective 


Hemophilus intlueuzae 


in the eradication of streptococci from the nasopharynx, however, 


data establishing the efficacy of Ancef in the subsequent preven- 
tion of rheumatic fever are not available at present 


Genitourinary tract infections due to Escherichia coli, Proteus 
mirabilis, Klebsiella species, and some strains of enterobacter 
and enterococc! 


Skin and soft-tissue infections due to Staphylococcus aureus 
(penicillin-sensitive and penicillin-resistant) and group A beta- 
hemolytic streptococci and other strains of streptococci 


Bone and joint infections due to Staphylococcus aureus 


Septicemia due to Streptococcus pneumoniae (formerly D. 
pneumoniae), Staphylococcus aureus (penicillin-sensitive and 
penicillin-resistant), Proteus mirabilis, Escherichia coli, and 
Klebsiella species 


Endocarditis due to Staphylococcus aureus (penicillin-sensit ve 
and penicillin-resistant). and group A beta-hemolytic streptococci 


Appropriate culture and susceptibility studies should be per- 
formed to determine susceptibility of the causative organismto 
Ancef 


CONTRAINDICATIONS 

Ancef is contraindicated in patients with known allergy to the 
cephalosporin group of antibiotics 

WARNINGS 

IN PENICILLIN-ALLERGIC PATIENTS, CEPHALOSPORINS 
SHOULD BE USED WITH GREAT CAUTION. THERE IS 


CLINICAL AND LABORATORY EVIDENCE OF PARTIAL CROSS- 


ALLERGENICITY OF THE PENICILLINS AND THE CEPHALO- 
SPORINS, AND THERE ARE INSTANCES OF PATIENTS WHO 
HAVE HAD REACTIONS TO BOTH DRUG CLASSES (INCLUD- 
ING FATAL ANAPHYLAXIS AFTER PARENTERAL USE) 


Any patient who has demonstrated some form of allergy. par 
ticularly to drugs, should receive antibiotics, including Ance’ 
{sterile cefazolin sodium, SK&F) cautiously and then only when 
absolutely necessary Serious anaphylactoid reactions require 
immediate emergency treatment with epinephrine. Oxygen, 


Enterobacter aerogenes 


intravenous steroids, and airway management, including intuba- 
tion, should also be administered as indicated 


Usage in Pregnancy: Safety of this product for use during preg- 
nancy has not been established 


Usage in Infants: Safety for use in prematures and infants under 
1 month of age has not been established 


PRECAUTIONS 

Prolonged use of cefazolin sodium may result in the overgrowth 
of nonsusceptible organisms. Careful clinical observation of the 
patient is essential 


When Ancef is administered to patients with low urinary output 
because of impaired renal function. lower daily dosage is required 
(see dosage instructions). A false positive reaction for glucose in 
the urine of patients on Ancef has occurred with Clinitest™ tablets 
solution 


ADVERSE REACTIONS 
The following reactions have been reported: 


Hypersensitivity: Drug fever, skin rash, vulvar pruritus, and 
eosinophilia have occurred 


Blood: Neutropenia. leukopenia, thrombocythemia and positive 
direct and indirect Coombs tests have occurred 


Hepatic and Renal: Transient rise in SGOT, SGPT, BUN and 
alkaline phosphatase levels has been observed 


Gastrointestinal: Nausea, anorexia, vomiting, diarrhea, oral 
candidiasis (oral thrush) have been reported 


Other: Pain at site of injection after intramuscular administration 
has occurred, some with induration. Phiebitis at site of injection 
has been noted 


DOSAGE AND ADMINISTRATION 
Ancef may be administered intramuscularly or intravenously 
after reconstitution 


Dosage 

in adults, usual dosage for pneumococcal pneumonia is 500 mg 
every 12 hours. In acute, uncomplicated urinary tract infections, 
usual dosage is 1 gram every 12 hours. In mild infections caused 
by susceptible gram+ cocci, usual dosage is 250 to 500 mg 
every 8 hours. In moderate to severe infections, usual dosage is 
500 mag. to 1 gram every 6 to 8 hours. Ancef has been adminis- 
tered in dosages of 6 grams per day in serious infections such as 
endocarditis 


Ancef may be used in patients with reduced renal function with 
the following dosage adjustments: Patients with a creatinine 
clearance of 55 ml/min. or greater or a serum creatinine of 

1.5 mg. % or less can be given full doses Patients with creatinine 
clearance rates of 35 to 54 mli./min. or serum creatinine of 1.6 
to 3.0 mg. % can also be given full doses, but dosage should be 
restricted to at least 8-hour intervals. Patients with creatinine 
clearance rates of 11 to 34 ml./min. or serum creatinine of 3.1 to 
45mg. % should be given 1/2 the usual dose every 12 hours 
Patients with creatinine clearance rates of 10 mi./min. or less or 
serum creatinine of 4.6 mg. % or greater should be given 1/2 the 
usual dose every 18 to 24 hours. All reduced dosage recom- 
mendations apply after an initial loading dose appropriate tothe 
severity of the infection 


In children, a total daily dosage of 25 to 50 mg. per kg. (approx- 
imately 10to 20 mg. per pound) of body weight, divided into 
three or four equal doses, is effective for most mild to moderately 
severe infections. Total daily dosage may be increased to 100 mg 
per kg. (45 mg. per pound) of body weight for severe infections. 
Since safety for use in premature infants and in infants under 
one month has not been established, the use of ‘Ancef inthese 
patients is not recommended 


For additional information on dosage and administration, see 
package literature or contact your SK&F Representative 


HOW SUPPLIED 
Ancef™ (sterile cefazolin sodium, SK&F)—supplied in vials 
equivalent to 250 mg., 500 mg., and 1 gram of cefazolin 


Smith Kline & French Laboratories 
Division of SmithKline Corporation, Philadelphia, PA 19101 


Notice to Contributors and Subscribers 


ANNALS OF SURGERY is a monthly journal which 
considers for publication original articles in the 
field of surgery. It is the oldest continuously pub- 
lished journal in the English language solely 
devoted to the surgical sciences. The Editorial 
Board considers only papers judged to offer sig- 
nificant contributions to the advancement of 
surgical knowledge. 


CONTRIBUTIONS. Four typed copies of the 
manuscript and four copies of the illustrations 
should be sent prepaid to the Chairman of the 
Editorial Board of ANNALS OF SURGERY: 


David C. Sabiston, Jr., M.D. 
Annals of Surgery 
Department of Surgery 
Duke University Medical Center 
Durham, North Carolina 27710 


Manuscripts and references should be typed 
double spaced on one side of 8% x 11 paper 
leaving wide margins. Authors should retain a 
complete copy of the manuscript including illus- 
trations in the event that the manuscripts are lost 
in the mail. A complete address for reprint re- 
quests should be included on the title page to- 
gether with the name of the institution from 
which the work is being published. 

An abstract of not more than 200 words should 
be placed at the beginning of the manuscript. It 
should accurately reflect the paper and provide 
readers with a reliable impression of the contents 
and conclusions of the work. 

Digits one to ten should be spelled out, ex- 
cept when used for units of measurement (time, 
weight, volume, dosage, degrees) percentage, or 
when decimals are involved; for numbers above 
ten, numerals should be used. Dorland’s Medical 
Dictionary and Webster's International Diction- 
ary may be used as standard references. Scientific 
names for drugs should be used when possible. 
Copyright or trade names of drugs should be cap- 
italized. Units of measurement should be ex- 
pressed in the metric system. Temperature should 
be expressed in degrees centigrade. All contribu- 
tions should be submitted in English. 

Black and white illustrations will be repro- 
duced free of charge, but the publisher reserves 
the right to establish a reasonable limit upon 
the number supplied. Color illustrations will be 


LSA 


published at the author’s expense. Black and 
white photographs should be in the form of glossy 
prints. Line and wash drawings should be black 
on white paper, with lettering in black india ink 
or transfer lettering, large enough to be readable 
after necessary reduction. Large or bulky illustra- 
tions should be accompanied by smaller glossy 
reproductions of the same. Illustrations should be 
numbered, the tops indicated, and the author's 
name and the title of the article in brief appear 
on the back. A separate typewritten sheet of 
legends for the illustrations should be supplied. 
An alphabetical list of numbered references 
should appear at the end of the manuscript with 
corresponding numbers in the text. All references 
should be specifically mentioned in the body of 
the manuscript. The list of references should be 
selective with not more than 20 references except 
under unusual circumstances. References should 
conform to the style of the Index Medicus. 


McNamara, J. J., Molot, M. D. and Stremple, J.: Changes in 
Some Physical Properties of Stored Blood. Ann. Surg., 174:58, 
1971. 
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Most Iumors are easily Reco 


through the Sigmoidoscope' 


but you have to be able to see them, first. 


Fleet’ Enema helps you see them 


Spiro’ asserts that “Unless 
there is some contraindication, 
such as fulminant or bloody 
diarrhea, the bowel should be 
thoroughly cleaned before the 
examination.” 

“Many different preparations 
can be used,” he goes on to say, 
‘ranging from the old-fash- 
ioned saline enema to a com- 
mercially prepared phospho- 
soda enema...” and "...in the 
properly prepared bowel the 
entire siqmoidoscopic examina- 
tion can be completed within 
three minutes.’ ’* 

Gentle, thorough, thoroughly re- 
liable FLEET ENEMA produces 
a clean, relaxed and mucus-free 
bowel in about ten minutes.’” 


è Works rapidly, usually within 
2 to 5 minutes 


@ Cleanses the left colon and 
rectum; spares upper portions 
of the GI tract 


@ Ready to use, easy to use, 
completely disposable 


@ Unique construction regulates 
flow; prevents leakage and 
reflux 


®@ Soft, anatomically-correct pre- 
lubricated rectal tip helps avoid 
injury to bowel wall 


3. Day E; Hertz RE: Boo 


Contraindications: Do not use when 
1wsea, V inbdominal pain is 

Warnings: Frequent or pro- 

onged use of enemas may result in 


jependence. Take or 


omiting 
oresent ; 
y when needed 
or when prescribed by a physician 
Precautions: Do not administer to ch 
dren under two years of age unless 
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Before sigmoidoscopy 


Fleet’ Enema 
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relaxed, 
mucus-free bowel 
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First rib fractures occurred in 55 patients. This injury is a har- 
binger of major trauma with 35 patients suffering a major chest 
injury, and abdominal and cardiac injuries occurring in 18 and 
eight patients respectively. The mortality associated with this in- 
jury was high (36.3%). Neurologic lesions accounted for the 
majority of deaths, however, unrecognized abdominal injuries 
and pulmonary complications were significant causes of mortali- 
ty. Brachial plexus injury (5) and Horner’s syndrome (3) oc- 
curred in survivors. Three patients had an associated injury of 
the subclavian artery, and the importance of this association is 
stressed. One late-developing post-traumatic thoracic outlet syn- 
drome occurred. A fracture of the first rib is a hallmark of se- 
vere trauma; its presence should alert the clinician to: 1) 
generalized massive trauma with abdominal, chest, and cardiac 
injuries; 2) local injury to the subclavian artery and brachial 
plexus and; 3) necessity of long-term followup for late- 
developing sequelae. 


HE TRAUMA VICTIM with multi-system injuries is 
one of the most perplexing and difficult patients to 
manage. Evaluation is especially difficult if there is an 
associated neurologic injury. The subsequent delay in 
diagnosis and treatment is a major cause of mortality 
due to blunt abdominal or chest trauma. ***:'® 
The importance of the radiologic evaluation of acci- 
dent victims has been stressed by several authors and a 
number of radiographic signs helpful in assessing the ex- 
tent of injury have been recognized. On a plain abdomi- 
nal film, free air, displacement of gas-containing struc- 
tures, obliteration of the psoas shadow, and the like, 
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Suggest visceral injury, while the fracture of certain 
bony structures indicate the possibility of internal in- 
juries. For example, a fracture of the left eleventh rib 
should strongly suggest the possibility of a ruptured 
spleen while myocardial contusion commonly accom- 
panies a sternal fracture. 

In evaluating patients with multiple-system injuries 
we have noted a valuable sign indicative of severe trau- 
ma; i.e. fracture of the first rib. The anatomy of the first 
rib is such that it is protected from the minor insults that 
often break other ribs. Therefore, when a fracture of 
this bone occurs it should alert the physician to be 
highly suspicious of other associated injuries regardless 
of the initial appearance of the patient. 


Patient Population 


Fifty-five patients with a fracture of the first rib have 
been treated at the University of Kentucky Medical 
Center and its affiliated hospitals and the Bexar County 
Hospital in San Antonio, Texas, in the past ten years. 
There were 41 males and 14 females with an average age 
of 33 years. The youngest patient was eight and the old- 
est 71. 

The overwhelming majority (50/55) of these injuries 
occurred in vehicle accidents. Two patients were 
pedestrians struck by automobiles, one was injured in a 
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TABLE!. Associated Injuries With First Rib Fracture 
(SS Patients) 
Injury No. Per cent 
Chest 35 64 
Abdominal Is 3 
Cardiac g 4 
Cranial 29 8 
Other fracture 4] S 
Other rib fracture 43 78 


mining accident, one in a fall. and the other in a lumber- 
ing accident. Most of those injured while in an au- 
tomobile apparently hit the steering wheel or dashboard. 
“The charts of all patients were reviewed for the occur- 
rence of associated injuries. treatment. and eventual 
outcome. 
Table 1 shows the occurrence of associated injuries in 
patients with a first rib fracture. 


Chest Injuries 


Thirty-five of the 55 patients had a major chest injury 
defined as a pneumothorax, hemothorax, pulmonary 
contusion, or flail chest (Table 2). Twenty patients had a 
unilateral pneumothorax while seven had bilateral 
pneumothoraces. Hemothorax was present in 14 pa- 
tients and was bilateral in four cases. Twenty-two pa- 
tients had radiographic evidence of pulmonary contu- 
sion. Seven patients had a flail chest. 

The treatment of these chest injuries varied somewhat 
depending on the clinical setting. One patient with a 
small unilateral pneumothorax was treated with aspira- 
tion, but the remainder underwent a tube thoracostomy 
to allow re-expansion of the collapsed lung. Many had a 
sizable collection of blood which was drained as well. 

One patient with a flail segment was treated with a 
traction device and the other six by volume ventilation. 
Thirteen patients (23.6% of the total group) required 
ventilatory assistance at some point in their manage- 
ment. 

The treatment of pulmonary contusion was initially 
fluid restriction and ventilatory assistance as needed for 
hypoxia. Recently we have undertaken a more aggres- 
sive approach'*'* using intravenous furosemide, strict 
fluid limitation, colloid for volume replacement, and 
vigorous pulmonary care in an attempt to diminish the 
development of pulmonary contusion and obviate the 
need for mechanical ventilation. 

The severity of the thoracic injury in patients with a 
first rib fracture is reflected by the hypoxia detected by 
arterial blood gases. Forty-one patients had an initial de- 
termination of arterial blood gases shortly after injury 
and only 13 had a pOe of greater than 80 mm Hg. 
Eighteen were between 60 and 70 mm Hg at some point 
in their post-injury phase, while ten persons had an arte- 
rial oxygen tension of less than 60 mm Hg. 
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TABLE 2, Chest Injuries With First Rib Fracture* 


(35 Patients) 
it Vüü— 


Injury No. 
V 
Unilateral pneumothorax 20 
Bilateral pneumothorax 7 
Hemothorax 14 
Pulmonary contusion 22 
Flail chest 7 





“Many patients had multiple injuries. 


Abdominal injuries 


Eighteen patients (33%) required an explorator 
laparotomy because of associated intra-abdominz 
trauma (Table 3). Multiple intra-abdominal injuries wer 
common. Eleven patients underwent splenectomy, thre 
had liver lacerations, two had renal injuries, three a 
intestinal injury and two a ruptured bladder. There wa 
one negative exploratory laparotomy. 

Ten of the 16 patients who required abdominal opere 
tions had associated neurologic injuries with an altere 
level of consciousness which made evaluation of thei 
abdomen difficult on clinical grounds. Diagnosis of at 
dominal injury was often strengthened by positiv 
peritoneal lavage or falling hematocrit; however 
exploratory laparotomy was occasionally undertake: 
only on strong clinical suspicion. The presence of ; 
first rib fracture in these patients was another indicatio: 
that they had indeed received massive trauma and mer 
ited careful evaluation. 


Cardiac Injuries 


Eight patients were felt to have cardiac injuries sec 
ondary to blunt chest trauma. Two patients wit 
hemopericardium were treated with pericardiocentesis 
Neither of these patients required further interventio 
for their cardiac problems. An additional six person 
were felt to have myocardial contusion as demonstrate: 
by serial changes in their electrocardiogram. Inversio! 
of the T-wave with ST segment depression was seen a 
some stage in each of the patients. One ECG had re 
turned to normal within four days while changes in thi 
others persisted two to three weeks. The true incidenci 
of cardiac contusion may be higher than was actuall 
diagnosed since several patients did not have an ECG 
No cardiac injuries were encountered that require< 
Operative intervention. 








TABLE3. Associated Abdominal Injuries* 
(18 Patients) 
Injury No. 
Ruptured spleen 11 
Liver injury 3 
Intestinal injury 3 
Pancreatic injury 3 
Ruptured bladder 2 
Renal injury 2 
| 


Negative exploration 
*Many patients had multiple injuries. 
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Other Associated Injuries 

Major injuries associated with first rib fracture were 
not limited to the thoracoabdominal area. Twenty-nine 
patients suffered neurologic damage with the majority 
having a loss of consciousness. The addition of this in- 
sult further clouds an already difficult evaluation. 

Three-fourths of patients with first rib fracture had an 
associated fracture of another bone (other than another 
rib). Long bone fractures of the upper and lower ex- 
tremities, often multiple, were the most common with 
ten patients having a pelvic fracture. Forty-three per- 
sons had fractures of other ribs. These multiple rib frac- 
tures undoubtedly contributed directly to the high 
number of patients with intra-thoracic injuries. 


Mortality 


There were 20 deaths in 55 patients with first rib frac- 
tures for a mortality of 36.3% (Table 4). Although most 
patients had combined, multi-system trauma, the leading 
cause of death was head injury. The combination of a 
major chest injury with hypoxia and a neurologic lesion 
was a lethal combination. 

Fourteen of the 20 patients who died had a neurologic 
injury. Eight of these had associated chest trauma and 
despite ventilatory assistance, this combination of in- 
juries was often difficult to overcome. Three patients 
also had an unrecognized abdominal injury and in each 
it contributed to the patient’s death. A delayed rupture 
of the spleen in a man recovering from a head injury 
produced one death, while another died of sepsis as a 
result of a mesenteric vascular injury that went undiag- 
nosed with resultant infarction of the colon. 

In three patients the deaths were primarily attributa- 
ble to pulmonary complications. The oldest patient (age 
71) suffered a bilateral pulmonary contusion and died of 
this injury as did one younger patient. A 60-year-old 
man underwent splenectomy and repair of his fractured 
femur and then required postoperative treatment on a 
volume ventilation for his flail chest. Despite a good ini- 
tial response to therapy, he developed a bilateral 
pneumonia requiring a prolonged course of ventilatory 
assistance and eventually died of a suspected pulmonary 
embolus on his 28th hospital day. 

Three other deaths occurred in young men. One died 
on the operating table from a bursting injury to the liver 


TaBLe4. Cause of Death 


Neurologic Injury 14 
With chest injury (8) 

With unrecognized abdominal injury (3) 

Primary Pulmonary 3 
Bilateral pulmonary contusion (2) 
Flail chest, ruptured spleen, 

fractured femur (1) 

Sepsis-Abdominal Injury l 

Bursting Liver Injury l 

Fat Embolism Syndrome l 


Total 20/55 (36.3%) 
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253 


TABLE 5. Associated Local Injuries (12) 


Brachial plexus injury 5 
Horner's syndrome 3 
Arterial injury 3 
Thoracic outlet syndrome l 





and another on the third post-injury day from a compli- 
cation which was diagnosed as fat embolism syndrome. 
Intra-abdominal sepsis accounted for a third death. 


Local Injuries With First Rib Fracture 


Local injuries secondary to fracture of the first rib are 
shown in Table 5. Brachial plexus injuries occurred 
most commonly, with three transient and two perma- 
nent injuries occurring. Three patients had Horner’s 
syndrome; in two it cleared completely while one pa- 
tient had a residual ptosis. Arterial injuries to the sub- 
clavian artery occurred in three patients. Two patients 
had large hematomas which signaled the arterial injury 
while another had radial pulse diminution. Three other 
patients had first rib fracture with a fractured clavicle 
and developed sizeable hematomas. Arteriograms were 
negative in each and they were observed without obvi- 
ous sequelae. One patient presented three years follow- 
ing a first rib fracture with a thoracic outlet syndrome 
which appeared secondary to callus formation in the 
healed fracture. He improved with resection of the 
first rib. 

Discussion 


Isolated fracture of the first rib without antecedant in- 
jury has been reported.'**!® Alderson! noted 73 cases of 
first rib fracture as an incidental finding in 77,607 chest 
films, and attributed their occurrence to “stress frac- 
ture.” Generally, however, it is conceded that a blow of 
major proportions is needed to produce a first rib frac- 
ture. Hinton and Steiner!’ noted first rib fractures oc- 
curred in 2.7% of their 807 cases of rib fractures re- 
ported in 1940. Conn and associates® noted 9.2% of their 
532 patients with non-penetrating chest trauma had a 
fracture of the first rib. The incidence appears to be in- 
creasing in recent years due to a greater frequency of 
high-speed automobile accidents with resultant massive 
trauma. 

The high percentage of associated injuries indicates 
that persons who suffer a first rib fracture have sus- 
tained a major injury. Breslin,‘ in 1937, listed abscess 
around the clavicle, rupture of the apex of the lung, em- 
pyema, pleurisy, hemorrhage and delayed nerve 
symptoms due to compression from callus as complica- 
tions of first rib fracture. He also cited a case of subcla- 
vian artery injury due to a right first rib fracture. 
Holmes and Netterville'! noted that five of their 16 pa- 
tients with first rib fracture had major chest injuries, 
three had neurologic damage, and 13 of 16 had other 
major fractures. In addition, one patient developed a 
traumatic tracheo-esophageal fistula and another had an 
aortic arch aneurysm. However, only one patient had an 
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intra-abdominal injury, which is significantly lower than 
that seen in our patients. 

The severity of the trauma inflicted on this group of 
patients is reflected in the 36.3% mortality rate. Several 
patients sustained a massive head injury and may have 
been initially unsalvageable from a neurologic point of 
view. However, other remediable injuries occurred with 
frequency and the clinician caring for accident victims 
must be alert for such problems. In three of our patients 
abdominal injuries were initially missed and directly 
contributed to deaths. Missed abdominal injury con- 
tinues to be a significant cause of mortality following 
automobile accidents. Gertner et al. * reviewed the ex- 
perience at the Baltimore City Hospitals with deaths fol- 
lowing motor injuries due to blunt abdominal trauma and 
found 32 of 33 fatalities arrived at the hospital alive. 
They concluded that 50% of these cases had a failure to 
make either the correct diagnosis or institute proper 
treatment. At our own institution!’ the delay in recogni- 
tion of abdominal injuries which often occurred in pa- 
tients referred from outlying hospitals was an influential 
factor in mortality from blunt abdominal trauma. While 
techniques such as diagnostic peritoneal lavage have 
aided in establishing a diagnosis in massively injured pa- 
tients, exploratory laparotomy often has been performed 
on the strong clinical suspicion that such a lesion exists. 
Those patients with a first rib fracture exemplify such 
trauma victims. 

While a major pulmonary injury may be more easily 
diagnosed by physical examination with radiological as- 
sistance than is an abdominal injury, the presence of a 
first rib fracture demands careful evaluation for thoracic 
injuries. Cardiac injuries are frequently missed because 
they are not considered and appropriate ECG and en- 
zyme studies not obtained. 

Major vascular injuries in association with first rib 
fractures are being recognized with increasing frequen- 
cy. Galbraight et al. ë reported a subclavian artery lac- 
eration with a first rib fracture and stressed the impor- 
tance of vascular injuries with this fracture. Sturm and 
associates! treated five patients with rupture of the 
subclavian artery due to blunt trauma. Three of the pa- 
tients had a first rib fracture. They recommended ar- 
teriography in all patients with fracture of the first three 
ribs because of the frequent association of subclavian 
artery injuries. Previously, Fisher and Rienhoff’ re- 
ported a subclavian artery laceration secondary to a first 
rib fracture. Our experience added to these indicates 
this association is not rare, and a first rib fracture should 
alert the clinician to beware of major vascular injury. 

In addition to its usefulness as an indication of severe 
trauma, a fracture of the first rib may produce injuries 
itself. The report of Holmes and Netterville’’ is the 
most thorough in outlining this problem. They reported 
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patients with a traumatic tracheoesophageal fistula, aor 
tic arch aneurysm, brachial plexus injury, and Horner’: 
syndrome following first rib fracture. One other patien 
was found at autopsy to have died from congestive hear 
failure secondary to bilateral subclavian vein obstruc 
tion produced by callus formation due to bilateral firs 
rib fracture. This death occurred several months post 
injury. In our series several patients with Horner’s syn: 
drome’? and brachial plexus injury occurred following <é 
first rib fracture. Additionally, one patient had a post: 
traumatic thoracic outlet syndrome which was detectec 
three years after first rib fracture. Mulder'* previously 
reported seven cases of post-traumatic thoracic outle 
syndrome with two of these following a first rib fracture 
These sequelae and the more serious ones reported by 
others*'' may not be initially apparent, therefore, : 
fracture of the first rib should necessitate a long-tern 
followup to detect late-occurring sequelae. 
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Effectiveness of Peritoneal 


Lavage in Blunt Abdominal Trauma 


LCDR STEVE PARVIN, MC USN, LCDR DAVID E. SMITH, MC USN, 
CDR W. MICHAEL ASHER, MC USN, CDR RICHARD W. VIRGILIO, MC USN 


To analyze the effectiveness of peritoneal lavage and to define its 
limitations in the evaluation of patients who have sustained blunt 
abdominal trauma, a prospective study of 500 such patients was 
undertaken by the Trauma Service at the Naval Hospital, San 
Diego. Utilizing a qualitative colorometric method to evaluate 
the degree of hemoperitoneum, patients could rapidly be divided 
into three clinical groups: strongly positive, weakly positive, and 
negative. Using this method, patients with a strongly positive 
peritoneal lavage had a 94% incidence of significant intra- 
abdominal injuries. In 333 patients with a negative lavage, there 
was no documented incidence of significant intra-abdominal in- 
juries. In the weakly positive lavage group, only 9 patients out of 
99 subsequently proved to have significant intra-abdominal in- 
juries. Visceral angiography and abdominal echography were 
utilized in this group of patients to identify those with significant 
intra-abdominal injuries. By utilizing this approach, there were 
only eight unnecessary celiotomies in the total group of 500 pa- 
tients. It is concluded, therefore, that peritoneal lavage is a safe, 
rapid, and effective means of evaluating patients who have sus- 
tained blunt abdominal trauma. 


ITH the increased incidence of highway ac- 

cidents the surgeon is confronted more often with the 
responsibility of making a rapid, accurate assessment of 
intraperitoneal injuries in the patient who has sustained 
blunt injury to his abdomen. The rapidity and accuracy of 
this initial assessment becomes of utmost importance, 
since the associated morbidity and mortality is directly 
related both to the magnitude of the injury and to delays in 
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instituting appropriate therapy. Physical examination in 
this group of patients is often misleading and routine 
laboratory work and x-rays are seldom helpful. Surgeons in 
several large institutions!**:!°!?-'%!5 have, therefore, 
begun to utilize peritoneal lavage to aid them in deciding 
whether immediate celiotomy is necessary or whether the 
treatment of associated injuries can be safely undertaken. 
To analyze not only the effectiveness of this procedure 
but also to define its limitations in the evaluation of the 
patient who has sustained blunt abdominal injury, a pros- 
pective study of 500 such patients was undertaken by the 
Trauma Service at the Naval Hospital San Diego. 


Materials and Methods 


From April, 1972 through January, 1974, 500 consecu- 
tive patients with blunt abdominal trauma were evaluated 
by the Trauma Service and underwent peritoneal lavage. 
This included all patients who had sustained sufficient 
force to have caused intra-abdominal injury regardless of 
abdominal findings. The only contraindications to lavage 
were: |)multiple previous abdominal operations; 2) a preg- 
nant patient; or 3) an unstable patient requiring immediate 
surgery. 

All patients were classified into four clinical groups by 
the senior surgical resident on the basis of physical find- 
ings: 1) surgical, 2) equivocal, 3) non-surgical, and 4) un- 
conscious. After initial resuscitation, they underwent 
peritoneal lavage using the technique described by Root”? 
and modified by Perry.'! Adult patients were lavaged with 1 
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TABLE 1. Correlation of Peritoneal Lavage Results and Initial Physical Examinations With the Incidence of Significant Intraperitoneal Injurie 
«Pa —— 


Lavage Results 


5 Strongly Positive Weakly Positive Negative Total 

Clinical No. No. Ne. No. No. No. 

Evaluation Patient Injuries % Patient Injures % Patient Injuries % Patients Injuries % 
Surgical 39 35 90 h 2 33 17 0 0 62 37 60 
Equivocal 12 12 100 44 4 9 101 0 0 156 16 10 
Non-surgical 12 12 100 45 3 7 198 0 0 253 15 6 
Unconscious 5 5 100 7 0 0 17 0 0 29 5 17 
Total 68 64 94 99 9 9 333 0 0 500 73 15 





Liter of normal saline while 20 cc/kg saline was used in 
children. When the infusion was completed, the empty 
bottle was placed on the floor and allowed to drain by 
gravity. The fluid was interpreted by the qualitative col- 
orimetric method originally described by Olsen.'” Using 
this technique, patients were divided rapidly into three 
groups: negative, weakly positive, and strongly positive. 

Patients with a strongly positive lavage underwent im- 
mediate celiotomy. Those with a negative lavage were ad- 
mitted for treatment of associated injuries or for observa- 
tion for 24 hours. Those with a weakly positive lavage 
underwent further diagnostic evaluation to determine if 
there was a significant intra-abdominal injury. This in- 
cluded abdominal echography in all patients and visceral 
arteriography in patients with positive echograms. All pa- 
tients with a positive arteriogram underwent celiotomy. 
Aliquots of lavage fluid were sent to the laberatory for 
WBC count, amylase, gram stain, and culture and sensitivi- 


ty. 
Results 


Table | summarizes the data. In 500 lavages there were 68 
strongly positive, 99 weakly positive, and 333 negative 
lavages. Of the strongly positive group, 64 had a significant 
injury at celiotomy for a 94% accuracy. In the weakly 
positive group, only 9 of 99 had a significant injury (9%). 
Considering all patients with hemoperitoneum only 73 of 
167 (44%) had a significant injury. In the negative group of 
333 there were no significant injuries. 


TABLE 2. Significant Intra-abdominal Injuries 
Strongly Positive Weakly Positive Total 
Lavage Group Lavage Group 

Spleen 45 4 49 
Liver 15 2 17 
Kidney 3 3 6 
Mesentery 4 l 5 
Pancreas 3 | 4 
Intestine 3 0 3 
Bladder 2 0 2 
Diaphragm 0 | | 
Vascular (Venous) 3 l 4 
Omentum | 0 l 
Other l 0 l 

80 13 93 


The inaccuracy of the initial physical examination i 
indicated in Table |. Of 62 patients that were considered tı 
have a surgical abdomen on initial evaluation and wh: 
would have undergone a celiotomy only 37 (60%) had | 
significant intra-abdominal injury. Therefore, 25 patient 
(40%) were spared an unnecessary celiotomy. Of the pa 
tients felt to have a non-surgical abdomen on initial evalua 
tion, 15 of 253 (6%) were found to have a significant injury 
In the equivocal group only 16 of 156 (10%) were found t 
have a significant intra-abdominal injury. Five of 29 (17% 
of the unconscious patients had significant intra-abdomina 
pathology. The injuries encountered are listed in Table 
and as expected solid viscus injury (spleen, liver) was th 
most common. In the weakly positive group of 99 patient 
there were 41 normal, 20 abnormal and 2 unsatisfactor 
echograms. Of the 20 abnormal echograms significant in 
juries were documented in only three cases. There were m 
false negative echograms. Of 42 visceral arteriograms i 
this group, there were 33 normal, 8 abnormal, and on 
unsatisfactory study. All 8 patients with an abnormal ar 
teriogram underwent celiotomy and five had a significan 
intra-abdominal injury. 

In the 500 patients there were 81 celiotomies. In8 of thes 
no significant intra-abdominal injury was demonstratec 


TABLE 3. Summary of Operative Indications and Injuries 
in the Eight Negative Celiotomies 
Lavage Patient Operative Operative 
Group No. Indication Findings 
Omental tear 
2 Retroperitoneal 
hematoma 
Strongly positive Lavage findings 
3 Minor liver 
lacerations 
4 None* 
5 Positive splenic None 
arteriogram 
6 Positive splenic Minor liver 
arteniogram laceration 
Weakly positive 
7 Positive hepatic Retroperitoneal 
arteriogram hematoma 
8 Change in clinical None 
course 


*Incorrect lavage technique. 
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TABLE 4, Lavage WBC Count and Amylase Values 





Lavage Result Lavage WBC Lavage Amylase 
<500/mm" >500/mm* <100A.U.% >100A.U.% 

Strongly Positive S (5) 12 (12) 20 (19) 3 (3) 

Weakly Positive 43 (1) 11 (0) 57 (1) 3 (1) 

Negative 175 (1)* 18 (1)* 196 (0) 9 (0) 

Total 223 (7) 41 (13) 273 (20) 15 (4) 


( ) Denotes the number of patients with a significant injury. 
* Renal injury without intraperitoneal trauma. 


Four were in the strongly positive group and four were in 
the weakly positive group (Table 3). Three of the four 
strongly positive lavages had an insignificant injury (minor 
liver laceration, omental tear, retroperitoneal hematoma) 
and one lavage was performed incorrectly. In the weakly 
positive group, three of the four unnecessary operations 
were performed because of false positive angiograms. The 
fourth case was operated on early in the study in spite of a 
negative arteriogram because of significant physical find- 
ings. 

There were 264 lavage fluid WBC count and 288 lavage 
amylase values available for analysis (Table 4). In the group 
of 223 patients with less than 500 WBC/mm’* in the lavage 
fluid, there were six significant intra-peritoneal injuries and 
one retroperitoneal injury. The six intraperitoneal injuries 
all had positive lavages. The retroperitoneal injury was a 
patient with a negative lavage who had hematuria and a 
positive |VPforarenalinjury. There were 41 patients witha 
lavage WBC count greater than 500/mm* and only 13 of 
these had a significant injury. Twelve of these were in- 
traperitoneal injuries and all had strongly positive lavages. 
The other patient had a renal injury with a negative lavage. 
Thus, 17 of 18 patients (94%) with an elevated lavage WBC 
count in the negative lavage group had no intra-abdominal 
injury. Of the 273 patients with a lavage amylase less than 
100 AU%, 20 had a significant injury. All 20 of these were 
operated on because of strongly or weakly positive lavage. 
Only four of 15 patients with a lavage amylase greater than 
100 AU% had a significant injury and all four had concomi- 
tant hemoperitoneum. Nine patients with negative lavages 
and elevated lavage fluid amylases proved to have no 
intra-abdominal injury. 

In 500 peritoneal lavages there were no major complica- 
tions. There was a 6% incidence of minor complications 
including wound separation and wound hematoma. 


Discussion 
Two of the strongest criticisms of the use of peritoneal 
lavage as a diagnostic tool in blunt abdominal trauma center 
around its potential complications and also its extreme 
sensitivity in diagnosing clinically insignificant 
hemoperitoneum. Major complications that have been re- 
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ported with the use of peritoneal lavage have been visceral 
perforation and hemorrhage secondary to lacerations of 
major vessels. The incidence of these complications can 
be minimized by excluding patients with a history of multi- 
ple abdominal surgical procedures, the use of countertrac- 
tion after direct visualization of the linea alba, and insuring 
that the bladder is emptied. Adherance to these criteria has 
eliminated any major complications in our 500 patients. 
Our morbidity rate of 6% consisted only of local wound 
problems such as hematoma and separation. We feel that 
the following are absolute contraindications to peritoneal 
lavage: 1) history of multiple abdominal surgical proce- 
dures; 2) pregnancy; and 3) the presence ofa full bladder. If 
a patient has had lower abdominal surgery or a fractured 
pelvis, the peritoneal lavage can be safely done through an 
upper midline incision. — —* 
It is true that peritoneal lavage is extremely sensitive in 
determining the presence of blood within the peritoneal 
cavity. This is graphically demonstrated by the fact that as 
little as eight drops of blood in a liter of saline will cause a 
pink discoloration to appear. Indeed, if we had used the 
presence of any degree of hemoperitoneum alone as an 
indication for celiotomy our incidence of negative 
celiotomies would have been 66% rather than our true 
incidence of 5%. As a result of this oversensitivity of the 
peritoneal lavage technique, several methods have been 
recommended to quantitate the degree of hemoperitoneum 
and to correlate this with clinical significance. *10111315 
These include measuring the hematocrit, red blood cell 
count, and finally the qualitative colorimetric method first 
described by Olsen.’ This latter technique has the advan- 
tage of allowing the physician at the bedside to quickly 
place the patient into one of three groups: |) strongly posi- 
tive; 2) weakly positive; and 3) negative. We adopted this 
latter method because of its bedside applicability and be- 
cause of the fact that in Olsen’s series there was a good 
clinical correlation. Ninety-eight per cent of the patients in 
his strongly positive group had significant intra-abdominal 
injuries, while only 32% of the patients in his weakly posi- 
tive group had significant injuries. When we applied these 
Same criteria for division of our patients, we had a 94% 
incidence of significant injuries in the strongly positive 
group and only a 9% incidence inthe weakly positive group. 
We feel that this discrepancy inthe weakly positive group is 
due tothe larger percentage (57/99 vs 3/25) of trace lavage in 
our series. Actually our incidence of significant injuries in 
the weakly positive group would have been 21% if we had 
excluded the trace lavage. This group probably represents 
contamination from abdominal wall bleeding. In both 
series, the presence ofan absolute negative lavage ruled out 
significant intra-abdominal injuries in 100% of the cases. 
From this data, it is apparent that the weakly positive 
lavage group requires further evaluation as less than one 
third will have significant intra-abdominal injuries. It is 





within this group that the use of echography and abdominal 
angiography proved to be helpful. 

Echography is a rapid, non-invasive technique utilizing 
ultrasound to define the configuration of both intra- 
abdominal and retroperitoneal structures.* Its use in the 
area of blunt abdominal trauma is for the most part limited 
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Fic. |. Cross section of a 
supine cadaver. Note the 
medial border of the spleen 
is smooth and the anterior 
edge does not extend past 
the level of the aorta (A). 
(V) represents the vertebral 
body. 


to the diagnosis of splenic injury. Criteria for ruptured 
spleen by echography center around demonstration of en- 
largment and irregularity in its contour (Figs. 1-3). In our 
series, the percentage of false positive echograms (85%) 
precluded the use of this technique as a criterion for 
exploratory cellotomy. However, we had no false negative 


Fic. 2. Normal spleen by 
echography. Note the 
smooth medial contour and 
that the anterior edge is 
parallel with the aorta (A). 
(V) represents the vertebral 
body. 
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Fic. 3. Ruptured spleen by 
echography. Note the 
marked enlargement of the 
spleen with the anterior 
edge extending almost to 
the anterior abdominal 
wall. (V) represents the 
vertebral body. 


echograms, therefore, the technique may be useful as a 
rapid non-invasive maneuver in patients with a weakly 
positive lavage. Ifthe echogramis positive then it is impera- 
tive that the patient undergo visceral arteriography. We use 
flush abdominal aortograms followed by selective celiac 
studies. By using this technique, hepatic, renal and intes- 
tional injuries can be documented in addition to splenic 
injuries. The criteria commonly used for the diagnosis of 
splenic injury are:**'® 1) puddling of the dye; 2) stretched 
displaced vessels; 3) avascular areas; 4) early venous fill- 
ing; and 5) pseudo-aneurysms. Figures 4 and 5 dem- 
onstrate several of these abnormalities. By utilizing the 
combination of echography and arteriography in the group 
of 99 patients with a weakly positive lavage only 12 of these 
patients underwent celiotomy. Within this group of 12 pa- 
tients there were 9 significant intra-abdominal injuries and 
only 3 negative celiotomies. These 3 patients represented 
false positive angiograms. Thus, by taking the more aggres- 
sive diagnostic approach and the more conservative clini- 
cal approach, 87 patients of the 99 with a weakly positive 
lavage were spared an unnecessary celiotomy. The attend- 
ing physicians were thus able to rapidly proceed with the 
care of associated injuries without the fear of overlooking 
significant intra-abdominal pathology. 

It has been suggested that greater than 100 amylase units 
per cc of clear peritoneal lavage fluid is diagnostic of pan- 
creatic or small bowel injuries in patients sustaining blunt 
abdominal trauma.'':!?-5 In our series there were nine in- 
stances in which the lavage amylase was greater than 100 
amylase units % in patients with a negative lavage. None of 
these patients had a significant intra-peritoneal injury. Of 
the six patients with hemoperitoneum and an elevated la- 


PERITONEAL LAVAGE 








Aw 


FIG 4. Ruptured spleen by arteriography (arterial phase). Note stretch- 
ing of the splenic arteries in the upper pole. 





ig 
FıG. 5. Ruptured spleen by arteriography (venous phase). Note the large 
avascular area in the lower pole. 
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vage amylase, four had significant injuries. Three of these 
were in the strongly positive group and would have been 
operated on this basis alone. The fourth patient with a 
significant injury was in the weakly positive group and had a 
renal injury requiring nephrectomy. This injury was diag- 
nosed by visceral arteriogram and IVP. We, therefore, feel 
that an elevated lavage fluid amylase in a clear aspirate is 
not an indication for celiotomy. It has been recently dem- 
onstrated that the level of serum amylase was also a poor 
predictor of the presence or absence of significant injuries.’ 
However, we feel that an elevated lavage amylase and a 
progressively increasing serum amylase coupled with per- 
sistant abdominal findings should be an indication for 
exploratory celiotomy. 

The presence of over 500 white blood cells within the 
peritoneal lavage fluid has been used as an indication for 
celiotomy.'''*:'5 In our 18 patients with a clear lavage and 
an associated white count greater than 500mm? only one 
had a significant injury. This patient had a lacerated kidney 
that was diagnosed by an IVP performed for gross 
hematuria. If an elevated lavage fluid white count had been 


PARVIN AND OTHERS 


Ann. Surg. + March 1975 


used as an indication for exploration, 17 patients would 
have undergone unnecessary celiotomy. We thus feel that 
the presence of white cells within clear peritoneal lavage 
fluid is not in itself an indication for celiotomy. 

This study re-emphasizes the inaccuracy of the initial 
physical examination in patients with blunt abdominal 
trauma. Forty per cent of the patients felt to have a surgical 
abdomen had no intra-abdominal injury. We feel this high 
incidence of false positive exams is caused by abdominal 
wall contusions and associated injuries of the chest, spine. 
and pelvis which produce muscular spasm indistinguisha- 
ble from the guarding associated with true intraperitoneal 
injury. Itis also evident that there are fewer false negative 
exams, with the overall incidence in our series being 6%. 
The negative initial physical examination with significant 
intra-abdominal injury may be ascribed to the frequency of 
solid organ injury in blunt abdominal trauma. The 
hemoperitoneum accompanying this type of injury pro- 
duces much less peritoneal irritation than intestinal con- 
tents. We had several patients with large amounts of blood 
in their peritoneal cavity with no abnormal physical find- 
ings. The high degree of accuracy with peritoneal lavage as 
contrasted to the relative inaccuracy of the physical exami- 
nation has led to a marked decrease in overall morbidity in 
our patients. It is apparent that 40% of the patients with 
false positive physical examinations were spared an un- 
necessary laparotomy and there was no delay in managing 
their associated injuries. Six per cent of patients with initial 
false negative exams as well as 10% of patients in the 
equivocal group had a minimal delay in exploration. 

The morbidity and mortality of negative laparotomy is 
frequently underestimated while the complications as- 
sociated with a missed injury are well-known.” A recent 
report on penetrating trauma had a corrected operative 
mortality for a negative celiotomy of 1.6% witha morbidity 
rate of 19-23%.° Maynard and Oropeza’ reported five 
deaths in 79 negative celiotomies (6.3%) for penetrating 
injuries. Similar statistics are unavailable for blunt abdom- 
inal trauma. However, one would postulate because of the 
frequently associated multiple injuries that there would be 
an increased morbidity and mortality. 

Although peritoneal lavage is highly accurate in diagnos- 
ing intraperitoneal injuries, it is not as accurate with ret- 
roperitoneal injuries. Occasionally these injuries may be 
detected by peritoneal lavage because of the diapedesis of 
red cells through the posterior parietal peritoneum. There 
were three major isolated renal injuries in our series with- 
out significant intraperitoneal damage which produced a 
weakly positive lavage. However, this should not be relied 
on and if a retroperitoneal injury is suspected, an intrave- 
nous pyelogram, renal arteriogram, or gastrograffin 
duodenogram should be performed. 

To manage blunt abdominal trauma rapidly and efficient- 
ly, we recommend the following protocol. In the 
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emergency room a lavage is performed and if strongly 
positive, (red and opaque or print cannot be read through 
the tubing), the patient undergoes immediate celiotomy. If 
the lavage is negative and there are no associated injuries, 
the patient is observed for 24 hours. If the lavage is weakly 
positive, (pink and clear or print can be read through the 
tubing), the patient undergoes echography and arteriog- 
raphy, if stable. If the arteriogram is positive the patient 
undergoes celiotomy and if negative the patient is observed 
48 hours. Thus, our indications for celiotomy in blunt ab- 
dominal trauma are: 1) a strongly positive lavage; 2) a 
weakly positive lavage with positive arteriogram; and 3) an 
unstable patient. 
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Cricopharyngeal Myotomy: 


Treatment of Dysphagia 


ROBERT L. MITCHELL, M.D. 
GEORGE B. ARMANINI, M.D. 


Six patients are presented who underwent cricopharyngeus 
myotomy for dysphagia. The clinical history and cine studies 
appear to be the most useful assessments in defining patients 
with dysphagia who may improve after a myotomy. Etiological 
factors which may precipitate poor coordination of the swallow- 
ing mechanism and a relative cricopharyngeus muscle obstruc- 
tion include neuromuscular disorders, radical eral surgery, 
central nervous disease, and idiopathic disorders. Although the 
exact physiology of the cricopharyngeus muscle in health and 
disease is not as yet delineated, the muscle is being implicated in 
many problems as the inciting factor of upper esophageal dys- 
phagia. The operation of cricopharyngeus myotomy is a rela- 
tively simple procedure and should be done with little morbidity 
and mortality in properly selected cases. 


"hipaa MYOTOMY has been reported by 
many authors over the past decade for the treatment 
of Zenker’s pulson diverticulum. ?46-8-11-14.24.25 Only 
sporadic reports have been published of cricopharyngeal 
myotomy for dysphagia, achalasia, or oral and 
pharyngeal resection where swallowing is impaired. 

Valsalva in 1777 is credited with describing the 
cricopharyngeal muscle and suggested that it was a 
separate entity from the inferior constrictor muscles. 
Recently the anatomist and physiologist have begun to 
work out the function of this muscle. !®27 

As early as 1926, Jackson'® implicated the 
cricopharyngeal muscle as a precipitating factor in the 
development of Zenker’s pulsion diverticulum and ad- 
vocated dilatation after resection of the diverticulum. 


Submitted for publication July 20, 1974. 


From the Department of Surgery, Stanford University, 
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Later, in 1946, Lahey’® concurred with Jackson's opin- 
ion and also advised dilatation or resection of the mus- 
cle. In 1950, Asherson? reported a series of cases of 
dysphagia and introduced the term ‘‘cricopharyngeal 
achalasia.” The similarity between cricopharyngeal 
achalasia and so called ‘‘cardiospasm of the lower 
esophagus’’ was suggested. Using cine studies, 
Dohlman® demonstrated dysfunction of the 
cricopharyngeal muscle in patients with pulsion diver- 
ticulum and proceeded to recommend, in 1960, endo- 
cricopharyngeus myotomy.* Since then, many authors 
have advocated cricopharyngeal myotomy as either the 
primary treatment of pulsion diverticulum or to compli- 
ment resection of the diverticulum. 


Ardan’! in 1961 and later Ellis,'® demonstrated by 
manometric studies that patients with pulsion diver- 
ticulum show an early closure of the cricopharyngeal 
muscle before the act of swallowing is completed. 

Neuromuscular disorders have been implicated as an 
etiological factor in dysphagia of the upper esophagus 
and were reviewed by Belsey? in 1966. Kaplan’’ in 1951 
reported doing a myotomy on a patient with neuromus- 
cular dysphagia. Ogura? observed in 1960 that patients 
following radical oral and pharyngeal resections often 
had difficulty in swallowing. The normal swallowing 
mechanism appeared to be altered and the 
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Fic. 1. (Left) Preoperative esophogram demonstrates concentric nar- 
rowing of the esophagus at the level of the cricopharyngeus. (Right) 
The second film shows the area (lateral projection) after surgery. 


cricopharyngeus acted as an impediment to the 
weakened pharyngeal mechanism of propelling the food 
into the esophagus. Subsequently, Ogura advised 
cricopharyngeal myotomy routinely in patients undergo- 
ing supraglottic pharyngectomies. 

We have recently treated six patients diagnosed as 
having upper esophageal dysphagia secondary to 
pharyngeal-cricopharyngeus muscle dysfunction and 
herein report these cases and review of the literature. 


Anatomy and Physiology 

The cricopharyngeus is now recognized as a true 
sphincter. It arises from the lateral borders of the 
cricoid cartilage and runs posterior to the wall of the 
esophagus without having a median raphe as do the con- 
Strictors of the pharynx. Superiorly, the 
cricopharyngeus muscle is bordered by the inferior con- 
Strictor and between the two muscles is where the 
Zenker’s pulsion diverticulum presents. Inferiorly, the 
cricopharyngeus muscle merges with longitudinal and 
circular fibers of the upper esophagus. 

No one nerve has been delineated to innervate the 
cricopharyngeus muscle, however, animal experiments 
and clinical observations suggest that both sympathetic 
and parasympathetic systems are involved.”'? Most 
authorities believe that the cricopharyngeus muscle de- 
nives its primary innervation from the vagus. '® 


Case Reports 
Case l. The patient, a 42-year-old white woman, was admitted first 
with a chief complaint of food stuck in her throat. Barium swallow 
showed a bolus of food in the hypopharynx, but she was able to swal- 
low it in the subsequent hour. A followup esophagram (Fig. 1) re- 


vealed a spasm of the cricopharyngeus area. Pressure and motility 
Studies were entirely within normal limits, 
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In retrospect, the patient remembered numerous occasions over the 
past nine years when she had had difficulty swallowing and had Kad 
one previous episode of food sticking in her throat over a prolonged 
period of time. No neuropathy or myopathy was found on physical 
eXamination. 

The patient underwent a cricopharyngeus myotomy with a diagnosts 
of spasm of the cricopharyngeus muscle apparent on cine studies. She 
was able to eat on the first postoperative day and noted immediate 
improvement of her swallowing mechanism. She was discharged on 
the third postoperative day. Followup cine studies (Fig. 1) showed a 
marked improvement in the upper esophagus. She is now six months 
post surgery and manifests no apparent dysfunction of her swallowing 
mechanism. 

Comment. The x-rays demonstrate an esophageal 
Belsey® aptly suggests ‘defies objective elucidation.” 
spasm was noted at surgery without submucosal fibrosis. 

Case 2. The patient is a 67-year-old man who gave a history of in- 
creasing difficulty in swallowing, especially liquids. He choked when 
he swallowed and much of his food was coughed out his nose. It was 
felt that in the past he had suffered a mild CVA with a slight bulbar 
type palsy. Cine fluoroscopy of the esophagus demonstrated a 
neuromuscular dysfunction of the pharyngeal area with aspiration iato 
the tracheobronchial tree (Fig. 2). Dilatation of the hypopharynx and 
holdup at the cricopharyngeus was apparent. It was observed that he 
had some left vocal cord sluggishness and he had noted a slight change 
in his voice. 

On June 25, 1973, the patient underwent a cricopharyngeal 
myotomy. On the first postoperative day he noted improvement in his 
swallowing mechanism and this continued in the ensuing followup. He 
is presently able to eat both solids and liquids without coughing or 
apparent dysphagia, 242 years postop. Followup cine studies reveal 
that fluid passes much faster into the upper esophagus. 

Case 3. The patient is an 85-year-old man who was first seen in 196! 
with difficulty in swallowing. He was noted to have a large pharyngeal 
diverticulum and was taken to surgery where a diverticulectomy was 
performed. His swallowing improved but an element of dysphagia re- 


‘“‘web"’ which 
Only muscle 


Fic. 2. Cine studies revealed as- 
piration into the tracheobronchial 
tree which was not apparent on 
followup cine studies after 
cricopharyngeus myotomy. 








Fig. 3. Barium swallow dem- 
onstrated a large esophageal 
diverticulum 11 years after the 
original resection of a Zenker’s 
diverticulum. 





mained. By late 1971 he observed increasing difficulty in walking and 
also in swallowing. Workup revealed generalized arteriosclerosis with 
peripheral neuropathy and barium swallow showed a recurrence of the 
diverticulum (Fig. 3). Cine studies revealed holdup in the pharyngeal 
region. 

On January 17, 1972, the patient underwent a cricapharyngeal 
myotomy, The recurrent diverticulum was not removed. Postopera- 
tively the patient denied dysphagia or aspiration. 

Comment. Recurrent pharyngeal diverticulum has occasionally been 
reported, Rather than an inherent weakness in the pharyngeal wall, 
pharyngeal-cricopharyngeus dysfunction no doubt existed in this pa- 
tient and resection of the diverticulum alone did not resolve the dys- 
phagia. 

Case 4, The patient, a 73-year-old man, was seen first in February, 
1971, with a 3-4 year history of increasing swallowing problems. The 
food appeared to stick in the pharynx and even liquids presented diffi- 
culty. Over the past 4-6 months his problem progressed te the point 
that he was embarrassed to eat at the table because of aspiration and 
coughing spasms with food being coughed out the nose. He lost 7-8 
pounds. It is pertinent that he had ptosis of both eyes repaired two 
years earlier and a question of an oculopharyngeal syndrome was 
raised. A neurologist diagnosed amyotrophic lateral sclerosis, espe- 
cially involving the eyes and the pharynx. 

Fluoroscopy revealed incoordination with distention of the 
pharyngeal recesses, vallecular retention and aspi ation into the 
tracheobronchial tree (Fig. 4). Pressure studies of the ricopharyngeal 
region were normal. 

On February 23, 1971, the patient underwent a cricopharyngeal 
myotomy. He noted immediate improvement on the following day and 
was discharged three days postoperatively swallowing both liquids and 
solids without any difficulty of dysphagia, regurgitation, or coughing 
problems. 

Three months postoperatively, a repeat cine barium swallow 
showed marked decrease in the hypopharyngeal retention although not 
completely normal (Fig. 4). Two-and-one-half years postoperatively he 
has no complaints relative to swallowing. 

Comment. Cine studies suggested a marked weakness of the mus- 
cles above the cricopharyngeus with a relative obstruction at the 
cricopharyngeus. A myotomy was suggested to relieve the area of rel- 
ative obstruction, although pressure studies were normal. 

Case 5. The patient is a 63-year-old woman who was diagnosed as 
having amyotrophic lateral sclerosis in mid-1973 with marked dysar- 
thria and dysphagia. Cine studies showed severe difficulty with the 
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Fic. 4. 
cricopharyngeus area and aspiration: (Right) no apparent holdup post- 
operatively, 


(Left) Barium swallow demonstrating holdup at the 


swallowing mechanism involving the tongue and the pharynx. Motility 
of the esophagus appeared normal. Pressure studies were normal of 
the cricopharyngeal area. The patient was quite alert mentally and 
ambulatory, but the dysarthria was sufficiently disabling that she was 
able to communicate only by writing. She had lost 10-15 pounds be- 
cause of the difficulty of oral intake. 

Cricopharyngeus myotomy was performed and she was taking 
liquids on the first postoperative day and discharged taking a soft diet 
on the third postoperative day. Although her swallowing did not return 
to normal both she and her family noticed marked improvement in her 
ability to take both liquids and solids and weight gain was attained. 
Only two episodes of aspiration and coughing spells have occurred 
postop. 

Case 6. The patient, a 73-year-old man, was admitted because of 
progressive chronic obstructive pulmonary disease and pneumonia. 
He had arteriosclerosis with increasing central nervous system prob- 
lems. Tracheostomy was required and with this he manifested aspira- 
tion and difficulty swallowing. Cine studies were performed and 
showed relative holdup at the cricopharyngeal area with aspiration 
into the tracheobronchial tree. 

Cricopharyngeus myotomy was performed and postoperatively the 
patient's swallowing mechanism improved and there was no overt as- 
piration or egress of fluid from the permanent tracheostomy. 


Operative Technique 
On the left side, an oblique incision is made at the 
anterior border of the stenocleidomastoid beginning at 
the suprasternal notch and carried cephalad to just 
below the base of the ear. Sensory cutaneous branches 
of the anterior cutaneous nerve may be sacrificed. The 
descendens cervicalis and the branches of the hypoglos- 
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sal which innervate the strap muscles should be pre- 
served. The omohyoid inferiorly may be sacrificed, if 
necessary, and the thyroid is then retracted medially 
and the carotid sheath laterally. For better exposure the 
inferior thyroid artery and the middle and inferior 
thyroid vein may be divided. Care is taken during this 
maneuver to avoid injury to the recurrent nerve. The 
cricopharyngeus muscle is exposed posteriorly by roll- 
ing the esophagus and the inferior pharynx laterally and 
anteriorly. The muscle is then divided in the midline 
down to the mucosa carrying the incision cephalad ap- 
prozimately 2 cm and caudad approximately 3cm on the 
esophagus. A plexus of vessels, usually veins, is ob- 
served posteriorly in the midline on the cricopharyngeus 
muscle which must be controlled. The mucosa should 
bulge out after this maneuver and the surgeon should 
assure himself at this time that the mucosa has not been 
violated. The wound is then closed without drainage if 
excellent hemostasis has been accomplished. 

Liquids are permitted on the first postoperative day 
and increased to a full diet by discharge on the third or 
fourth day postoperatively. 


Discussion 

The diagnosis of cricopharyngeal dysfunction causing 
upper esophageal dysphagia is based mainly on the clin- 
ical history and cine studies. We have not found pres- 
sure studies of the cricopharyngeus muscle to be help- 
ful. In patients #1,2,4, and 5, pressure studies were 
normal preoperatively; however, cine studies showed 
both dilatation and retention in the hypopharynx. Ellis!® 
has shown, with manometric studies, premature closure 
of the cricopharyngeus before the bolus of food in the 
pharynx is completely emptied into the esophagus in pa- 
tients with Zenker’s diverticulum. However, Kodicek 
and Creamer’? have not been able to demonstrate any 
abnormalities in patients with chronic esophageal diver- 
ticula. Resting pressures have been shown to be ele- 
vated in the cricopharyngeus in some patients with a 
pharyngeal diverticulum’ but Ellis was not able to con- 
firm this.'° 

Ellis'® has attempted to classify the dysfunction of the 
cricopharyngeus muscle into four groups: central nerv- 
ous system disease, diseases affecting muscular activity, 
post surgical dysphagia, and idiopathic discoordination. 
The last category which encompasses Zenker’s diver- 
ticulum or pulsion diverticulum of the upper esophagus 
may really result from factors in the first two groups, 
i.e. motor neuron or muscular problems. 

Mills?’ reported 17 cases of motor neuron disease 
treated with cricipharyngeal sphincterotomy with 16 pa- 
tients showing improvement and one immediate post- 
operative death. He recommends the use of a Zeiss 
operating microscope to perform the surgery, however, 
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we have not found this necessary. Five of our six cases 
necessarily fall into the CNS or motor neuron group. 
Patient #6, with CNS disease, required a permanent 
tracheostomy for chronic obstructive pulmonary dis- 
ease. Following the procedure, aspiration was obvious 
with egress of fluid from the tracheostomy stoma. Cine 
studies showed holdup at the cricopharyngeus muscle 
area and aspiration of fluid into the tracheobronchial 
tree. It is well known that tracheostomy interfers with 
the swallowing mechanism and this, combined with the 
patient's CNS disease, appeared to be enough to allow 
marked dysfunction of the swallowing mechanism. 
Cricopharyngeus myotomy resulted in improved swal- 
lowing without obvious aspiration. Patients with bulbar 
disease, basilar artery thrombosis, and peripheral 
neuropathy may be candidates for cricopharyngeal 
myotomy. Also, severe neuropathy may occur with. pa- 
tients who have carcinoma, and dysphagia may be the 


major complaint. Neuropathy and a myasthenic-like <- 


syndrome is a well known complication of lung cancer. ` 
Studies of patients with CNS disease show failure of re- 
laxation of the cricopharyngeus muscle. Dysphagia may 
be the presenting complaint of patients with muscular 
dystrophy or myasthenia gravis. Toxic hyperthyroidism 
may also cause a pharyngeal-cricopharyngeal dysfunc- 
tion but should respond to the treatment of the primary 
disease. Inability to develop effective peristalsis in the 
pharynx appears to be the major dysfunction in patients 
with myopathies and dysphagia. Esophageal hiatus her- 
nia must be ruled out in patients presenting with dys- 
phagia and apparent spasm of the cricopharyngeus mus- 
cle. Belsey*? reported 3.5% of 829 cases of hiatus hernia 
had spasm of the cricopharyngeus region and in 10 pa- 
tients it was the chief complaint. Treatment of the hiatus 
hernia and reflux resolved the upper esophageal spasm. 

Recently, routine cricopharyngeal myotomy has been 
advised with certain radical, oral, or pharyngeal resec- 
tions.**%?2-23 Cases which should be considered for 
cricopharyngeal myotomy are vagal nerve injuries, radi- 
cal glossectomy, radical oral pharyngeal resections, su- 
praglottic laryngectomies and patients who already have 
dysphagia or a Zenker’s diverticulum and are to undergo 
hypopharyngeal or major tongue resections. Patients 
with dysfunction of the swallowing mechanism requiring 
permanent tracheostomy may also be candidates. 
Mladick et al®® reported 21 patients in which 
cricopharyngeal myotomy was performed when radical 
oral pharyngeal surgery was carried out. Their operative 
technique is different than that described above. The 
hypopharynx being open already, the mucosa over the 
cricopharyngeus is slit posteriorly and the muscle fibers 
then cut proximally and distally. The mucosa is then 
closed. 

Many papers in the past decade have subscribed to the 
supposition that the muscles of the pharynx and 
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cricopharyngeus are the precipitating facter in the de- 
velopment of Zenker’s pulsion diverticulum. Belsey* has 
presented 32 cases of pulsion diverticula treated with 
myotomy and usually diverticulopexy with excellent re- 
sults. And Ellis'® has also subscribed to the treatment of 
pulsion diverticulum with myotomy. Case #3 is of in- 
terest in that the repeat cine studies showed that the 
diverticulum had recurred. Cricopharyngeus myotomy 
alone relieved the patient’s symptoms and the patient 
now two years postoperatively has no difficulty with 
swallowing. This patient had moderate CNS disease on 
the basis of his arteriosclerotic vascular disease and it is 
felt that this was the probable etiology of his swallowing 
dysfunction. 
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Spinal Ischemia Following Abdominal Aortic Surgery 


Serious spinal cord ischemia may follow infrarenal abdominal aor- 
tic surgery. Five cases are summarized and added to the 23 previ- 
ously published cases in order to identify this syndrome, emphasize 
its importance, and draw attention to the possibility of spontaneous 
recovery which may occur. The multifactorial complex which com- 
prises each patient’s clinical picture clouds a precise and specific 
cause for paraplegia in these cases. However, neither hypotension, 
steal phenomena nor emboli are necessary for completion of the 
syndrome. The relevant spinal cord arterial anatomy indicates that 
the common anomalies which occur favor development of spinal 
cord ischemia in the arteriosclerotic population which requires 
aortic surgery. No means of prevention is possible at this time. 


ROFOUND lower extremity neurologic deficit with or 
P without bowel and bladder paralysis is a rare complica- 
tion of abdominal aortic surgery. Despite the infrequency 
of this condition, its occurrence remains devastating. 

Sufficient experience has been recorded to allow defini- 
tion of distinct clinical syndromes. These have occurred 
after abdominal aortic surgery for intact and ruptured 
aneurysms and after surgery for occlusive disease (Tables | 
and 2). 

The spinal syndromes may be temporary or permanent, 
may include sensory and motor deficits with bladder and 
bowel involvement, and may be due toischemia induced by 
arterial clamping or bypass, or may be caused by emboli 
consequent to aortic manipulation. 

The object of this paper is to define these syndromes, 
illustrate them with cases which will serve as examples, and 
correlate them with the few cases described in the litera- 
ture. 


Case Report: Syndrome of Lumbar Spinal Cord Ischemia 
with Sensorimotor Return 


Case 1. This 66-year-old white male was entirely well until an 
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asymptomatic abdominal aortic aneurysm was found on routine physical 
examination. He was admitted to the Wesley Pavilion ofthe Northwestern 
Memorial Hospital for resection of this aneurysm. Preoperative evalua- 
tion exclusive of the aneurysm was entirely normal, including total serum 
lipid determination, cholesterol, blood urea nitrogen, fasting blood glu- 
cose and serum triglycerides. 

An 8 cm abdominal aortic aneurysm was resected and a 22 mm bifurca- 
tion graft anastomosed end-to-end to the abdominal aorta 2.5cm below the 
renal arteries and end-to-end to the iliac arteries above their bifurcations. 
Total abdominal aortic clamping time was one hour. After the aneurysm 
was opened, a large midsacral artery was identified which was oversewn 
within the aneurysm and was not reconnected to the arterial stream. Atno 
time did hypotension occur during the procedure. 

In the postoperative period the patient complained of weakness of both 
lower extremities. Neurologic examination revealed weakness of hip 
flexion and of leg extension on the left, similar but not as profound 
weakness of the right hip flexion and calf extension. Deep tendon reflexes 
were increased at the knee and ankle level bilaterally. 

Rapid resolution of the process occurred during the next five days. As 
this occurred, a modified Brown-Sequard pattern was seen. There were 
decreased deep tendon reflexes on the left and decreased position sense 
with a contralateral decrease in pain sensation with weakness. 

Total neurologic recovery occurred in the fourteen day period following 
graft placement. The patient remains well postoperatively. 

At no time was fecal incontinence noted, nor was urinary retention a 
significant problem in this patient. No sacral sensory impairment was 
noted. 


Comment 


This patient illustrates a reversible lumbar spinal cord 
ischemia occurring after abdominal aortic aneurysm 
surgery. The lack of vesicorectal disturbance suggests 
sparing of conus medullaris and sacral fibers from the is- 
chemic process (Table 1). Similarly, the increased knee and 
ankle reflexes suggest upper motor neuron involvement 
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TABLE |. Determination of Level of Spinal Ischemia after Aortic Surgery 





Symptom or Sign Level ef Innervation 





Cremasteric Reflex* L-2, L-3 
Knee Jerk L-3, L-4 
Quadriceps Muscle L-4 

Ankle Jerk L-5. SA 
Plantar Extension L-5 

Plantar Flexion S-1 

Bladder Control S-2, S-3. S-4 
Bowel Control S-2. S-4, S-4 
Anal Reflex S-2, S-4, S-4 





* Cremasteric reflex is first to be lost in paraplegia and first to return in 
recovering Cases. 


rather, than the monosynaptic conus medullaris reflexes 
which, if.called into play. would be demonstrated as 
hyporeflexia. - 

This case is similar in the recovery pattern to several in 
the literature. though the sacral sparing appears to be 
unique. The case of Skillman,’ a 65-year-old male with a 
ruptured aortic aneurysm who had 90 minutes of hypoten- 
sion, had paraplegia from the level of L-2 witha flaccid anal 
sphincter and urinary incontinence. During the postopera- 
tive period, there was partial motor and sensery return. 

The patient of Zuber et al.*' is also pertinent. This was a 
58-year-old male with a ruptured abdominal aortic 
aneurysm who had hypotension during his aortic resection. 
Postoperatively, there was paresis of the legs and thighs 
with diminished proprioception and vibratory sense, and 
urinary incontinence. There was total neurological recov- 
ery at eight weeks. 

The case of Hara and Lipin also falls into this category.” 
This was a 64-year-old male with an abdominal aortic 
aneurysm who also had a period of hypotension during 
surgery. Postoperatively, there was urinary retention, alax 
anal sphincter, fecal incontinence, but no moter or sensory 
loss. In this instance, there was also complete recovery. 
This patient seems to have had sparing of lumbar cord 
segments with reversible ischemic involvement of sacral 
fibers. 

Several other cases described in the literature are inde- 
terminant but may or may not fall within thes category. 
These are patients who died within the first three week 
period after surgery and who manifested some degree of 
sensory or motor clearing of neurologic deficit. These in- 
clude the case of Mehrez,'*a 76-year-old male also reported 
by Hogan and Romanul,’ as well as the case of Sher and 
Healy,'* and the 60-year-old male patient of Bates.” Also 
included are the case of Golden et al.,‘ a 62-year-old male 
with a ruptured abdominal aortic aneurysm; the case of 
Pasternak and Ellis,'°a60-year-old male with an abdominal 
aortic aneurysm without hypotension who had paraplegia 
and then marked motor and sensory return; and the second 
case of Skillman,’ a 73-year-old man with a ruptured ab- 
dominal aneurysm, 30 minutes of hypotension and a para- 
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plegia to L-2 which was clearing up to death at six weeks. 

Finally, the case mentioned briefly ina letter to the editor 
by Gump.* of a patient with a ruptured abdominal aortic 
aneurysm who had complete motor and sensory loss of 
both extremities and who sustained full recovery in 12 
months, may also fall into the category of reversible spinal 
cord and conus medullaris ischemia following abdominal 
aortic surgery. 

These cases are similar in that most recovery was in the 
sensory portion and beginning recovery was identified 
early in the postoperative period. Recovery was otherwise 
irregular and, in motor return, auxiliary muscles played a 
prominent role. 


Case Reports: Syndrome of Permanent Lumbar and Sacral 
Paraplegia 


Case 2. A 68-year-old diabetic male entered the Wesley Pavilion, 
Northwestern Memorial Hospital because of rest pain and gangrene in his 
left second toe. He was a maturity onset diabetic who had taken 55 U of 
NPH insulin daily for 12 years. He wasalsoreceiving digoxinand adiuretic 
following an episode of congestive heart failure three years prior to the 
present admission, 

Physical examination showed him to be normotensive. blood pressure 
140/90. No peripheral pulses were present in the lower extremities. Gan- 
grene was present in the left second toe and there were marked ischemic 
trophic changes bilaterally. The electrocardiogram showed old ischemic 
changes but no recent abnormalities. The arteriogram revealed bilateral 
common iliac artery occlusions. 

Three days following angiography, a bilateral aorto-femoral bypass 
graft was done using a Dacron prosthesis. A left lumbar sympathectomy 
was also performed, A large, patent midline lumbar artery was noted 
arising from the aorta at the level of the fourth lumbar vertebra. This was 
preserved but was temporarily occluded for 40 minutes during graft 
placement. During surgery and in the immediate postoperative period, 
blood pressure was normal. There was no period of hypotension. Urine 
output was adequate at all times. 

In the recovery room and during the first postoperative day, the patient 
complained of complete loss of sensation below the umbilicus and total leg 
and thigh paralysis. The extremities showed a flaccid paraplegia, com- 
plete sensory level at T-12- L-1, flaccid anal sphincter, and areflexia in the 
lowerextremities. Postoperative steriods were given to reduce spinal cord 
edema and subsequently alumbar myelogram was done, which was nega- 
live. 

The patient had virtually no neurologic recovery except that he had 
some control of the sartorius muscles bilaterally, thus demonstrating a 
degree of L-I return. He remained paraplegic three years later, with 
incontinence and sensory Status essentially as before. He died at home, 
unattended, and no autopsy was done. 


Case3. This 56-year-old woman was admitted to the Wesley Pavilion of 
the Northwestern Memorial Hospital for treatment of severe ischemia of 
the lower extremities. She was known to have had rheumatic heart dis- 
ease, artenosclerotic heart disease, episodic congestive heart failure, 
transient cerebral insufficiency, and angina pectoris. She had no known 
recurrence of carcinoma after a radical mastectomy done two years previ- 
ously. 

Physical examination showed blood pressure 120/70, grade I ret- 
inopathy, irregular cardiac rhythm, no circulatory congestion. Labora- 
tory studies showed hypercholesterolemia; ECG, atrial fibrillation and 
T-wave inversion in Lead 2. Retrograde femoral aorto-arteriography 
showed bilateral aorto-iliac arterial occlusions with extensive ilio-lumbar 
arterial collateral vessels. 
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TABE 2, Summary of all Known Cases of Paraplegia Following Abdominal Aortic Surgery 


Abdominal Aortic Aneurysm 





Author Age/Sex Neurological Deficit Late Result 
Coupland & Reeve 59/Male Flaccid paralysis from L-2, sensory from L-3 Permanent paraplegia to T-12 
Developed 24 hours postoperatively 
Zuber et al. 74/Male Paraplegia Died with no neurologic recovery 
Hara & Lipin 64/Male No motor or sensory loss, urinary retention Complete recovery 
Lax anal sphincter, fecal incontinence 
Bates 55/Male Paraplegia, sensory level—T-11 Died at 11 days, no improvement 
Developed 48 hours postoperatively 
60/Male Paraplegia, sensory level—L-3 Died at 3 months, sensory clearing 
Urinary retention developed 24 hours postop. Motor weakness, no bladder return 
Golden et al. 58/Female Paraplegia, L-1 Persistent weakness, urinary incontinence _». 
Reich 71/Male Flaccid paraplegia, sensory level—T-12 Died at 21 days, no neurologic recovery -4 ** 
Fecal incontinence 
Pasternak & Ellis 60/Male Paraplegia, no level given Marked motor, sensory return 
Case 2 66/Male Motor weakness in hips and thighs Full recovery at 14 days 
Sensory level—L-| 
Hyperreflexia in both lower extremities 
No fecal incontinence or urinary retention 
Case 4 76/Male Paraplegia, sensory level—L-2 Died at 3 weeks, no improvement 


Renal failure 





Ruptured Abdominal Aortic Aneurysm 


Coupland & Reeve 79/Male Flaccid paraplegia—T-12 Died at 48 hours 
Developed 24 hours postoperatively 
Skillman 65/Male Paraplegia—L-2, first noted 48 hours postop, Partial motor and sensory return 
Flaccid anal sphincter, urinary incontinence 
73/Male Sensory level—L-2, motor weakness Improving neurological status, died at 6 weeks 
Gump Not Stated ‘Complete motor and sensory loss in both Almost complete recovery at 12 months 
extremities” 
Zuber et al. 75/Male Paraplegia, urinary and fecal incontinence Died at 30 days, no neurologic recovery 
Subdiaphragmatic cross-clamping 
65/Male Paraplegia, dissociative sensory loss Permanent deficit 
Subdiaphragmatic cross-clamping 
58/Male Paresis of legs and thighs, urinary incontinence Recovery at 8 weeks 
Diminished proprioception and vibratory sense 
Hogan & Romanul 76/Male* Bilateral paraplegia, sensory level—L-2 Sensory cleared, no motor return 
Urinary and fecal incontinence Died at 24 days 
Mehrez 76/Male* Flaccid paraplegia, sensory level—L-2 Sensory cleared, no motor return 
Urinary and fecal incontinence Died at 24 days 
69/Male Flaccid paraplegia, sensory loss to T-9 Died at 36 hours 
Fecal incontinence Spinal cord infarction to L-1 
Sher & Healy 82/Female Paraplegia. preserved touch Died at 40 days 
Flaccid anal sphincter Some motor and sensory clearing 
Golden et al. 62/Male Paraplegia, sensory level—L-1 Sensory return, motor weakness 
Fecal and urinary incontinence No bladder return 
Aorto-lliac Occlusion 
Lake 46/Female Motor, sensory paraplegia, hypesthesia to T-10 Vibratory and touch sensation returned 
Edmondson & Gindint  51/Male Flaccid paraplegia, sensory level—L-| Died at 10 days, no neurologic recovery 
Zuber et al. 72/Female Paraplegia, no level given Died at 5 days 
Case 2 68/Male Flaccid paraplegia, sensory level—T-12 Some degree of L-1 return, died at 3 years 
Flaccid anal sphincter 
Case 3 56/Female Total saddle anesthesia, sensory loss to L-5 Died at 2.5 years, myocardial infarction 
Fecal and urinary incontinence Some proprioceptive return 
Case 5 58/Male Paraplegia to L-1, slow onset over 24 hours Died at 7 days, no neurologic recovery 





*Same patient. 


+Aortic aneurysm also present. 


Surgical correction included bilateral aorto-femoral graft, lumbar sym- 
pathectomy, and cholecystectomy. There was no hypotension during 
Surgery or postoperatively. Brief postoperative tachycardia to 125 im- 


loss on the right. Bladder and bowel incontinence were present and 
persistent. Over the next 30 months. some proprioceptive sensibility 
returned to foot and saddle areas but bowel and bladder contre! were 


mediately responded to lidocaine infusion. 
Twenty-four hours postoperatively, neurologic examination revealed 
total saddle anesthesia. total L-5 sensory loss on the left, and patchy L-5 


imperfect. The patient died of acute myocardial infarction and associated 
arrhythmia two and one-half years postoperatively. 
Autopsy findings showed findings in the brain consistent with incidental 
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multiple sclerosis. In the lower lumbar and sacral spina! cord, there was 
focal perivascular destruction in dorsal horn areas (Fig. 1). Many mac- 
rophages, gitter cells and siderophages were identifiable (Fig. 2). Wide- 
spread necrosis was conspicuously absent. 

Thus, in this case, histologic examination of the spinal cord was singu- 
larly unrevealing. No clear correlation of neurologic deficit and central 
nervous system destruction could be made. 

Since the gross and microscopic evaluation of the spinal cord was 
remote from the time of injury, it might be argued that earlier pathologic 
examination might be more illuminating. That this is not necessarily true is 
shown by the following case. 


Case 4. A 76-year-old white male was admitted to the Passavant Pavil- 
ion of the Northwestern Memorial Hospital for elective repair of his 
abdominal aortic aneurysm. The asymptomatic pulsatile mass had been 
discovered on routine physical examination, Occular myasthenia gravis 
had been present and the patient had undergone careful neurologic evalua- 
tion. He was hypertensive, diabetic, and had glaucoma. Cataract surgery 
had been performed three months prior to the present admission. 

The blood pressure was 180/85, pulse rate was 78 and irregular. Physical 
examination revealed the carotid, brachial, radial and femoral pulses to be 
normal. The right dorsalis pedis pulse was present. Both popliteal pulses 
and the left dorsalis pedis pulse were absent. 

The neurologic findings were consistent with occular myasthenia gravis 
and an electrocardiogram showed atrial fibrillation witha left hemiblock. 

Surgery was performed under spinal anesthetic and amabdominal aortic 
aneurysm distal to the renal vessels extended to the area of bifurcation. 
The aneurysm was resected and a Dacron graft was placed distal to the 
renal arteries and anstomosed end-to-end to the external iliac arteries 
proximal to the inguinal ligaments. The spinal anesthetic was 
supplemented with general anesthesia during surgery. 

In the postoperative period, the patient had complete sensory loss and 
lower extremity paralysis which persisted. Initially, thedevel of paralysis 
was at L-2 - L-3, but this ascended to L-1 - L-2. The postoperative course 
was characterized by increasing renal failure, development of patchy 
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Fic, 1. Photomicrograph 
of the spinal cord shows 
perivascular destruction in 
the dorsal horn areas 
(x50). 


gangrene over the lower extremities and toes and, at autopsy, bilateral 
renal failure was explained by cortical necrosis with multiple embolic 
occlusions of intrarenal arterioles. Focal subcapsular hemorrhages were 
seen in the spleen and petechial hemorrhages and gangrene of the toes 
were also recorded. 


Comment 


The spinal cord ischemia in this case could not be 
documented at autopsy. No gross or microscopic changes 
could be found to explain the neurologic deficit which was 
so well documented clinically. Various causes could be 
conjectured: 1) exclusion of spinal cord nutrient arteries in 
the reconstruction; 2)emboli to spinal arteries; 3) induction 
of a steal phenomenon; or 4) the spinal anesthesia. In this 
example, the fact of embolization to kidneys and lower 
extremities was well documented. Whether or not emboli 
to ilio-lumbar vessels and ultimately to the anterior spinal 
artery and its arborization could have ensued is only con- 
jectural. Emboli were clearly proven to have caused spinal 
cord damage in the case reported by Reich," and were 
found in the kidneys of one of the patients described by 
Skillman. ° 

Lake!’ has raised the question of the possible implication 
of spinal anesthesia with spinal cord damage following 
abdominal aortic surgery. In his case, a 64-year-old woman 
with arteriosclerosis obliterans and diabetes mellitus, an 
infrarenal aorto-iliac bifurcation graft was placed and bilat- 
eral sympathectomy performed. The patient had an 
epidural anesthesia with Lidocaine, 1.5%, and the 
anesthetic level was maintained at T-6 during the ten hour 
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Fic. 2. This photomicrograph shows many macrophages, gitter cells 
and siderophages in the dorsal horm area (x400). 


operation. The patient had persistent sensory loss to T-10. 
The exact cause of neurologic deficit in his case was not 
ascertained. 

All of these patients illustrate the syndrome of lumbar 
and sacral ischemia with the areflexia to be expected in 
conus medullaris involvement. They are much like several 
in the literature. 

The case of Coupland and Reeve.’ a 59-year-old male 
with an abdominal aortic aneurysm resected without 
hypotension also had flaccid paralysis from the L-2 level, 
sensory loss from L-3 level, and was permanently para- 
plegic. The case of Zuber et al. ,”' a 65-year-old male witha 
ruptured abdominal aortic aneurysm who had 60 minutes of 
hypotension and subdiaphragmatic cross-clamping of the 
aorta, was paraplegic and had a dissociative sensory loss 
which was permanent. The case of Golden et al.,’ a 58- 
year-old female with an abdominal aortic aneurysm who 
had a brief episode of hypotension, was also paraplegic to 
the level of L-1 and had persistent weakness and urinary 
incontinence. 
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Multiple other cases may be similar to this but had an 
indeterminate outcome because of death in the postopera- 
tive period. These include cases described by Coupland 
and Reeve,* Edmondson and Gindin,® Lake,“ Zuber et 
al..2! Mehrez,'* Bates,” and Reich." 


Discussion 

The classical anterior spinal artery syndrome is charac- 
terized by paraplegia, rectal and urinary incontinence, loss 
of pain and temperature sensation, but with sparing of 
vibration and proprioception sense. This latter sparing is 
due to arterial supply of the posterior columns of the cord 
through the posterior spinal arteries arising from the ver- 
tebral vessels in the upper portion. Patients sustaining 
neurologic deficit in the lower extremities after abdominal 
aortic surgery commonly have loss of posterior column 
modalities. This is true because the low and mid-thoracic - 
regions of the cord differ from proximal segments in that the 
posterior spinal artery receives a major contribution from 
the anterior spinal artery. Therefore, the loss of pro- 
prioception sense in these cases (Case 2 above and others) 
is completely compatible with anterior spinal artery occlu- 
sion. 

It is curious that paraplegia following abdominal aortic 
surgery was unreported prior to 1960. Indeed, as late as 
1956, Adams and Geertruyden* reviewed extensively the 
problems of neurologic injury following aortic surgery and 
explained quite well that the lack of spinal cord lesions 
during infrarenal aortic surgery was probably due to estab- 
lishment of sufficient collateral blood supply from the 
thoracically based radicular artery. Clearly, an under- 
standing of spinal cord vascularization is necessary to de- 
velopment of knowledge regarding this condition. 


Spinal Artery Arborizations 


Normal anterior and posterior spinal arteries are anas- 
tomosing channels formed from inter-communicating 
branches of segmental arteries arising from the aorta. 
Kadyi™ has called them tractus arteriosus anterior and 
posterior. 

The intrarterial anastomoses are the anatomical basis of 
the border areas (Grinzonnen) which are more prone to 
ischemic change.** In reality. the only supplying branches 
which are constant are the two anterior and posterior 
branches from the vertebral arteries. From three to ten 
anterior radicular arteries also supply the cord and origi- 
nate from the intercostals and lumbar arteries. The main 
blood supply to the spinal cord in its distal portion is a major 
artery called the arteria radicularis magna. This is known as 
the artery of Adamkiewicz. It originates more commonly 
on the left and was found as high as T-8 by Suh.” and as low 
as L-4 by Kadyi."* In its normal location, it is not subject to 
trauma during abdominal aortic surgery. However, whena 
more distal origin occurs, interruption of the artery either 


272 


_ by the pathologic process itself or by the surgical procedure 
may lead to infarction of the distal spinal cord and/or cauda 
equina. This may indeed have been the situation in Case 2 
cited above. 

It is Interesting to note that the posterior spinal arteries, 
which commonly arise from the vertebral arteries, are ac- 
tually dependent upon the anterior spinal arteries between 
the mid-thoracic region and its distal portien. These are 
united with the anterior spinal arteries by anastomotic 
loops in the conus medullaris, called the rami cruciantes. 
Hailal has demonstrated that the artery of Adamkiewicz 
fills not only the anterior spinal artery but also the radicular 
branches of the cauda equina and the posterior spinal ar- 
teries. This concept, originally postulated by post mortem 
studies of Adamkiewicz,' has now been confirmed angiog- 
raphically. 

Thus, it can be seen that the anterior and posterior spinal 
vessels are interdependent in distal portions of the spinal 
cord. Anatomic studies performed on patients with severe 
atherosclerosis have shown that origins of vessels leading 
to the anterior spinal artery are commonly encroached 
upon by atherosclerotic plaques and debris. Jellinger'' 
studied 1,037 necropsy cases and showed that spinal cord 
arteriosclerosis was a significant factor in cases in which 
there were circulatory disorders of the spmal cord. He 
found that ostia of vessels supplying the cord were en- 
croached upon by atheromata and calcific plaques. Such 
impingement upon the arterial supply is aggravated by 
unequal growth of the spinal column and the cord, which 
causes a <90° angle in segmented arteries supplying the 
anterior spinal artery. He pointed out that the origins of 
vessels supplying the anterior spinal artery have an abrupt 
right angle takeoff from the aorta, and that partial stenosis 
or occlusion of the orifice has a profound effect upon lower- 
ing blood pressure in the arteria radicularis magna. It was 
also shown by Hailal that anterior spinal artery tributaries 
form a hairpin curve from the major feeding vessels; this 
angle is caused by unequal growth of the spina! cord and the 
spinal column. 

The phenomenon of circulatory autoregulation in the 
spinal cord is poorly understood but it is generally thought 
to parallel that of the brain. Therefore, acquired circulatory 
disturbances such as aortic atherosclerosis, atheroemboli- 
zation to the radicular artery, or arterial shunting away 
from the main radicular tributaries could cause profound 
hemologic deficit in the distal spinal cord, particularly in 
the diseased state. 
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Filtration Characteristics of Three New 
In-line Blood Transfusion Filters 


Three types of microemboli filters were examined with the scan- 
ning electron microscope. The single layer 40 pore filter traps 
aggregates in the pores. These aggregates are extruded and pass 
on with the bloed and can be demonstrated in a Dacron wool 
filter downstream. The polyurethane foam filter is an in depth 
multiple pore filter of variable pore size. This filter allows many 
aggregates to escape through the pores in the beginning of a 
transfusion and these aggregates were seen in a Dacron wool 
filter downstream. As aggregates become trapped, the pore sizes 
decrease, filtration improves, and flow through the filter be- 
comes reduced. The Dacron wool filter absorbs the particulate 
material to the fibers of wool. This filter has a large capacity and 
was not observed to leak aggregates even when subjected to high 
filtration pressures. 


HERE IS CONSIDERABLE EVIDENCE that during stor- 
age of blood, platelets and leucocytes become adhe- 
sive and form aggregates ranging up to about 200 u in 
diameter.'® These aggregates with other debris have 
been demonstrated by direct observation,'® screen filtra- 
tion pressure, ™ *®!® and Coulter counter’? methods. Even 
though standard clot filters with 170 u pores'' have been 
shown to remove approximately 4.5 gm of debris per 
unit of 21-day-old blood, the Coulter counter method 
has demonstrated up to 100,000 such aggregates/cc of 
blood under 170 u in diameter, even after passage of the 
blood through such a clot filter.'"* It can be presumed 
that the majority of aggregates under 170 u in diameter 
are infused into the patient. 
The present study was designed to compare the 
means by which three currently available filters remove 
microemboli from the blood. 


Materials and Methods 
The three types of microemboli filters evaluated were 
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the Bentley Polyfilter (PF-127) Infusion Blood filter 
(Bentley Laboratories, Inc., Santa Ana, California), the 
Ultipor Blood Transfusion Filter (Pall Corporation, 
Glen Cove, New York), and the Swank Dacron Wool 
Infusion Blood Filter (Pioneer Filters, Beaverton, Ore- 
gon). The Bentley Polyfilter (PF-127) consists of a 
polycarbonate casing containing a polyester screen filter 
with a pore size of 236 uw and a sponge-like filter element 
made of polyester urethane several mm thick. The Ul- 
tipor filter consists of a polypropylene casing containing 
a polyester mesh with a pore size in the 40 « range and 
has a filtration surface area of 186 cm*. The Swank Dac- 
ron wool filter consists of a polycarbonate casing con- 
taining a mesh filter with a 170 uw pore size below which 
is 1.0 gm of loosely packed and, finally, 3.0 gm of tightly 
packed Dacron wool filaments 17 u in diameter, provid- 
ing a total filtration surface area of approximately 7,000 
cm*. 

Blood was drawn from donor dogs under standard 
blood bank conditions, into sterile nonpyrogenic 
evacuated glass bottles containing acid citrate-dextrose 
(ACD) anticoagulant in a concentration equivalent to 
that in human banked blood (67.5 ml ACD solution per 
450 ml whole blood). After five days of storage at 4 C, 
multiple units of dog blood were mixed together to in- 
sure homogeneity and divided into five groups for filtra- 
tion under gravity flow. In Group I, blood was first fil- 
tered through a Dacron wool filter and then through an 
Ultipor filter. In Group II, blood was first filtered 
through an Ultipor filter and then through a Dacron 
wool filter. In Group III, blood was first filtered through 
a Polyfilter and then through a Dacron wool filter. In 
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Fic. 1. Scanning electron micrograph demonstrating platelet-leucocyte 
aggregates and fibrin debris caught in the fibers of a Dacron wool filter 
after passage of 500 ml of S-day-old ACD anticoagulated canine blood 
(Group I). The filter was flushed with 1000 ml of saline to wash out all 
non-adhering material. 





* 


Fic, 2. Scanning electron micrograph of a Dacron wool filter placed 
downstream from a Dacron wool filter (Group V). Note that few if any 
platelet-leucocyte aggregates or fibrin debris passed through the first 
filter to the second filter. Also no platelet-leucocyte aggregates were 
generated by the Dacron wool in the second filter. 
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FiG, 3. Scanning electron micrograph of a Barrier filter placed 
downstream from the Dacron wool filter seen in Fig. | (Group I). Fol- 
lowing the passage of 500 ml of 5-day-old ACD anticoagulated blood. 
no detectable platelet-leucocyte aggregates or fibrin debris leaked from 
the Dacron wool filter and trapped in the Barrier filter. 





Fic. 4. Scanning electron micrograph of a Bentley polyurethane foam 
filter placed downstream from a Dacron wool filter (Group IV). Fol- 
lowing the passage of 500 ml of 5-day-old ACD anticoagulated blood. 
no detectable platelet-leucocvte aggregates or fibrin debris were 
leaked from the Dacron wool filter and trapped in the Bentley 
polyurethane filter. 


Fic. 5. Scanning elec- 
tron micrograph of the 
Bentley polyurethane 
foam filter after the 
passage of 500 ml of 5-day- 
old ACD anticoagulated 
blood (Group III). The fil- 
ter was then flushed with 
1000 mi of saline to wash 
out all non-adhering mate- 
rial. Note the aggegate 
material trapped in the 
polyurethane foam. 


Group IV, blood was first filtered through a Dacron 
wool filter and then through a Polyfilter. In Group V, 
blood was filtered through two consecutive Dacron wool 
filters. Human blood from the blood bank approximately 
3 weeks old was experimentally treated in the same 
ways. 

Following filtration, the filters were washed free of 
non-adhering materials in the direction of blood flow with 
1000 cc of physiological saline. Samples of the filters 
taken from the inlet to the outlet surfaces were fixed for 
one hour with three percent glutaraldehyde buffered to 
pH 7.4 with 0.1 M sodium cacodylate and progressively 
dehydrated in a graded series of ethanol and then in an 
increasing ratio of Freon to ethanol. The samples were 
then dried in a Bomar Critical Point Dryer at 40 C under 
900 Ib/in with a gas escape rate of 50 1b/⁄30 seconds. 
After making the samples electrically conducting by 
coating in a vacuum chamber with a layer of evaporated 
gold-palladium alloy, the samples were examined for 
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aggregate material with a Cambridge stereoscan Ss; 
scanning electron microscope. For further identification 
of the particulate debris adhering to Dacron filaments, 
filter samples were initially fixed as above, postfixed for 
one hour in one percent osmium tetroxide buffered to 
pH 7.4 with 0.1 M sodium cacodylate and processed for 
examination with an RCA EMU 4B electron micro- 
scope. 


Results 


A scanning electron microscopic examination of the 
filters demonstrated that the Dacron wool filter removed 
virtually all particulate debris including platelet- 
leucocyte aggregates from the blood in Groups I, IV, 
and V (Fig. 1). Little if any aggregate material passed 
through the first Dacron filter in group V to the second 
Dacron wool filter downstream from it (Fig. 2). Also, no 
detectable aggregates or particulate materials were 
found in the Pall Ultipor 40 u x 40 u filter in Group | 





FiG. 6. Scanning electron micrograph of a Dacron wool filter placed 
downstream from the Bentley polyurethane filter seen in Fig. 5 (Group 
III). The Bentley filter leaked numerous platelet-leucocyte aggregates 
in the 10-30 u diameter range which were trapped in the Dacron wool 
filter below. 


(Fig. 3), or Bentley Polyfilter in Group IV (Fig. 4) 
downstream from the Dacron filter. The Bentley filter in 
Group III rapidly became occluded by aggregates (Fig. 
5) yet leaked numerous aggregate materials mostly in 
the 10-20 u range. and an appreciable number in the 
30-40 u diameter range before the pores became 
occluded by the aggregates. These were trapped in the 
Dacron wool filter below (Fig. 6). The Pall Ultipor filter 
in Group II also rapidly became occluded (Fig. 7) and 
subsequently leaked many aggregates by the process of 
extrusion of aggregates through its pores. These were 
then trapped in the Dacron wool (Fig. 8) downstream. A 
transmission electron microscopic examination of Dac- 
ron wool identified the adhering particulate debris as 
platelets and leucocytes (Fig. 9). 


Discussion 


When one considers the very large number of adhe- 
sive particles and aggregates which accumulate in blood 
stored for transfusion (up to 50,000,000/500 cc unit of 
blood 3 weeks old),'* it is clear why improved methods 
of filtration are under development. Animal studies dem- 
onstrated that efficient filtration with Dacren and glass 
wool improved the circulation generally, and in isolated 
heads maintained normal electrical activity of the brain 
for prolonged periods,'? and normalized some metabolic 
parameters and vascular resistance.' In other studies, 
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lung vascular resistance remained normal when aged 
blood being infused was first filtered through a Dacron 
wool filter.'° Otherwise the vascular resistance in- 
creased. Further, it has been shown ultrastructurally 
that obstructive and degenerative lesions occurring in 
the canine lungs, brain, kidney and liver due to platelet- 
leucocyte aggregates in transfused blood are prevented 
by filtering the infused blood through a Dacron wool 
filter.*~® 

In human beings the effects of these particles from 
stored blood have been observed in combat casualties 
infused with many units of stored blood.* The so-called 
shock lung resulted in which PO, values fell sharply and 
pulmonary vascular resistance increased.* Similar oc- 
clusive changes in the microvasculature of the lungs 
occur during use of the extracorporeal circuit in heart 
Surgery.” and have been demonstrated by electron mi- 
croscopy.” Filtration of all donor blood infused into the 
patient and all suction blood from the chest cavity has 
been shown to practically eliminate the occurrence of 
post-cardiotomy delirium’? and remarkably improve the 
appearance of the fine structure of the lungs. The addi- 
tion of filtration of the arterial blood has further im- 
proved the structural appearance of the lung.’ 

The several types of filters now in use have different 
characteristics and remove particulate material in dif- 
ferent ways. Standard Screen blood filters having 170-220 
4 pores remove the largest aggregates and coarse debris 





FIG. 7. Scanning electron micrograph of the Barrier filter after the pas- 
sage of 500 ml of 5-day-old ACD anticoagulated blood (Group II). 
Note that the 40 x 40 u pores are obstructed by particulate debris. 


Fic, 8. Scanning electron 
micrograph of a Dacron 
wool filter placed 
downstream from the Bar- 
rier filter seen in Fig. 7 
(Group 11). The Barrier fil- 
ter leaked many platelet- 
leucocyte aggregates and 
fibrin debris, by the process 
of extrusion through its 
pores, which were trapped 
in the Dacron wool filter be- 
low. 


from the blood. As the material collects in the filter, its 
pores narrow, and the efficiency of filtration increases 
slightly. The screen filtration pressure (SFP) of the 
blood. which is a measure of the resistance of blood 
flow through a screen with multiple pores 20 „u, is al 
tered very little by such filtration’ and size-count 
studies!* indicate very little if any removal of particles 
under the 170 u size. The introduction of the 40 u pore 
size screen filters by Patterson’? (manufactured by Pall 
Corp.) was designed to remove smaller aggregates. The 
studies of Solis and Gibbs'* indicate, however, that par- 
ticles 40 u and smaller pass through this filter without 
significant alteration of their concentration in the blood. 
These make up more than 90% of all particles under 170 
u in diameter.'* Only slight reduction in the SFP by this 
type of filtration occurs until the filter has become 
largely occluded. This filter continues to leak aggregates 
with gravity pressure by the simple process of extruding 
the particles occluding the pores of the filter. 
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Fic. 9. Transmission electron micrograph of a Dacron wool filter from 
Group | demonstrating platelet-leucocyte material absorbed to a single 
Dacron wool filament approximately 17 u in diameter 
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The urethane foam filter introduced by Bentley has so 
far received very little study. It is an in depth multiple 
size pore filter. In the present study, it was shown that 
the current one layer model leaks badly at the beginning 
of transfusions. As the filtration continues. the pores of 
this filter become smaller, due to collection of debris in 
the pores of the foam, and the efficiency of filtration 
increases. The filter does not become very efficient until 
it is almost completely occluded and flow has practically 
stopped. At this time increasing the pressure before the 
filter increases the SFP some, but not as much as in the 
former single layer screen type filters. 

The Dacron filter relies on two layers of packed wool, 
the one above loosely packed. the lower more tightly 
packed. The filter functions by absorption of adhesive 
materials to the woolen fibers. Pore size cannot be a 
major factor since the pores average about 95 H4 across, 
which is many times the size of most of the particles 
removed. The total surface area of the Dacron fibers 
approximates 7,000 cm? in the transfusion filter. It has 
been calculated that a small particle traversing this filter 
will contact approximately 100 fibers per cm if pursuing a 
Straight course. This results in a highly efficient filter for 
all sizes of adhesive particles or other debris down to 
and less than 10 u in diameter.'® SFP and Coulter counter 
Studies have uniformly shown this type of filtration to be 
highly efficient. Its superiority to the other filters inves- 
tigated in this paper is shown in that it regularly re- 
moved all size aggregates from blood, whereas the 
Single layer screen and foam type of filters regularly 
leaked aggregates up to 30-50 u in diameter. 
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Metastatic Cystosarcoma Phylloides in an Adolescent Girl: 


The first case of metastatic cystosarcoma phylloides in an ado- 
lescent is reported. This case also represents the first reported 
response of this tumor to chemotherapy and irradiation. This 
tumor showed an unusually rapid rate of cell division probably 
making it more susceptible to these agents. The importance of an 
early diagnosis and definitive excision is stressed. 


YSTOSARCOMA PHYLLOIDES is a rare lesion with 
Crewe than 400 cases reported to date in the English 
literature. Muller,'* in 1838, gave the first full descrip- 
tion of this entity. He emphasized its benign nature. It 
was not until 1931 that Lee and Pack’ described the first 
case of metastasis thus establishing the malignant poten- 
tial of cystosarcoma phylloides. Since then, approxi- 
mately 66 other cases with metastasis have been re- 
ported." Several excellent reviews of this disease have 
been published*:'""'':'*"*° with the most recent being that 
by Kessinger” in 1972. 

Approximately 34 cages!:25-8-9-11.12,14.16.17.20.22 Of cys- 
tosarcoma phylloides have been reported in females less 
than 20 years of age. Of these. all but four have been 
benign. The four malignant cases”*'*:'® were all treated 
successfully by surgical means with all patients alive 
when last reported. There have been no reported cases 
with metastatic disease or death due to this disease in an 
adolescent. The purposes of this report are to describe 
the first known case of metastatic cystosarcoma phyl- 
loides in an adolescent, as well as, the first reported re- 
sponse to chemotherapy and radiation therapy. 


Case Report 


R.M., a 14-year-old Romanian female. presented to the Oncological 
Institute in Bucharest on 11/20/72, with a right breast tumor of four 
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months’ duration. Past medical history was noncontributory. 
Menarche was at age 12 and her periods were regular. Physical exam 
was unremarkable except for a 10 cm polylobulated, discrete, nonten- 
der. freely mobile tumor mass in the right breast. The overlying skin 
was shiny, tense and reddened but not fixed to the tumor. The left 
breast and both axilla and supraclavicular areas were negative. 

Mammography was interpreted as showing benign fibroadenoma. 
The needle biopsy was read as benign cystosarcoma phylloides, Chest 
x-ray. hematologic and chemical profiles were all normal. 

On 12/6/72. a frozen section confirmed benign cystosarcoma phyl- 
loides, and a simple subcutaneous mastectomy with resection of the 
external mammary lymph nodes was performed. The tumor was soft, 
precisely delimited and free of muscle invasion. The final pathology 
report. however, revealed malignant cystosarcoma phylloides (Fig. 1). 
All lymph nodes showed reactive changes only. 

Three weeks postoperatively a 1.5 cm recurrence was noted in the 
medial portion of the submammary incision. Within one week it had 
grown to 4 cm. Needle biopsy confirmed recurrent malignant cys- 
tosarcoma phylloides. On 1/12/73, a radical mastectomy was com- 
pleted with excision of the entire previous incision. At operation the 
recurrence was found to extend into the pectoralis major muscle. 
Also. an unsuspected | cm nodule of tumor was found in the low post- 
erior axilla during the axillary dissection. This was not a positive 
lymph node, but was presumably a tumor implant from the initial pro- 
cedure. The pathology report revealed all axillary nodes to be nega- 
tive. Because of the unusually aggressive behavior of this tumor, the 
patient was referred to the National Cancer Institute in Bethesda, 
Maryland for consultation. 

When first seen at the NIH on 2/21/73, there were no signs of dis- 
ease on physical exam and an extensive metastatic workup. However, 
on 3/4/73, she developed a*S mm nodule in the right anterior axilla, 
Three days later this had expanded to 4 cm and was fixed to the skin, 
Fine needle aspiration revealed recurrent tumor. The tumor continued 
to literally explode in growth on the chest wall, She was admitted to 
the Surgery Branch, NCI, on 3/11/73, with the tumor in the right axilla 
measuring 8 x 10 cm and extending around the upper chest wall to 
which it was firmly fixed (Fig 2). Full chest tomograms were negative. 
On 3/14/73, a right interscapulothoracic amputation and partial resec- 
tion of ribs Hree and-four were performed. Tumor was found on the 
lschigh in the axilla and the scapula was invaded. 
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FıG. 2. The rapidly expanding right upper chest wall recurrence can be 
appreciated in this photograph taken two days before resection. 
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Fic. 1. Photomicrographs 
of a representative field of 
the primary breast tumor 
showing glandular struc- 
tures lined by normal ap- 
pearing breast epithelium 
and malignant appearing 
sarcoma-like stoma. (Left. 
x35; right, x350) 


Lyophilized fascia lata homograft was used to close the chest wall 
defect. The pathology report revealed the usual histologic pattern of 
recurrences in this disease with all sections composed of tightly 
packed sarcoma cells with no glandular structures seen (Fig 3). The 
tumor had infiltrated widely into the serratus anterior muscle, sub- 
cutaneous tissue of the axilla and had attached to, but not penetrated, 
the periosteum of the ribs. The postoperative recovery was rapid. 
However, a chest x-ray on the third postoperative day showed a solit- 
ary 5 mm nodule in the left mid-lung field. Two weeks later the nodule 
had doubled in size but repeat tomograms did not reveal other metas- 
tases. Exploratory thoracotomy on 4/2/73 revealed only the solitary | 
cm nodule which was removed by wedge resection. The tumor was 
quite necrotic but was clearly metastatic cystosarcoma phylloides 
(Fig. 4) with only the stromal part of the tumor represented. The post- 
operative course was uncomplicated and the patient returned to 
Romania on 4/17/73, with no sign of disease. 

On 5/3/73, the patient's state of health suddenly deteriorated with 
the development of nausea, anorexia and malaise. Two tumors of 2 cm 
each were noted subcutaneously in the right upper back, and a 4 cm 
solitary metastasis was noted in the left lung. Three days later the 
subcutaneous lesions had doubled in volume and a new 3 cm. tumor 
was noted in the left supramammary tissues. Intravenous Endoxan 
(Cyclophosphamide) 200 mg/day was started. During the first week the 
tumors continued to grow with the tumors on the upper back becom- 
ing confluent to form a giant mass of more than 10 cm diameter. After 
3 gm (15 days) of Endoxan, the back tumor stopped growing and then 
decreased to one-half its former size. The left supramammary tumor 
completely disappeared. The pulmonary lesion also grew progressively 
smaller until after 5 gm of Endoxan, no signs of tumor existed any- 
where. A platelike scar only remained in the lung (Fig. 5). No serious 
hematologic changes occurred. The patient felt very well and resumed 
her activities at school. 

On 6/10/73 a new | cm tumor developed on the right mid-back. It 
doubled its volume in three days, and small new tumors appeared 
above it. The patient received cobalt therapy in a field of 8 x 13 cm to 
a dose of 2505 rads with 7507 rads given to the central 4 x 4 cm field. 
When the treatment ended on 6/23/73, the largest tumor was di- 
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Fic. 3. A photomicrograph of the tumor recurrence on the chest wall 
showing tightly packed sarcoma cells characterized by large, watery 
nuclei and irregular, pale staining cytoplasm without definite cell 
membranes. Mitotic figures were numerous (x350). 


minished to 3mm in diameter and the small tumors had disappeared. 
The patient felt well until 8/5/73 when she developed fever and abdom- 
inal pain. Examination on 8/10/73 revealed ascites and a soft, tender 
pelvic mass. Chest x-ray was negative (Fig. 5). Exploration on 8/12/73 


Fic. 5. X-rays showing the 
resolution of a large left 
pulmonary metastasis dur- 
ing treatment with Endo- 
xan. (Left, taken on 5/3/73 
and right, on 8/6/73) 
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Fic. 4. Photomicrograph of the solitary pulmonary metastasis with ad- 


jacent normal lung tissue (x35). 


revealed 3.5 L of ascitic fluid and a hemorrhagic metastasis to the nght 
ovary which weighed 3 kg. No other disease was found, and a bilateral 
salpingo-oophorectomy was performed with complete resection of the 
greater omentum. Postop recovery was rapid. The patient did well 
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until 9/4/73 when a repeat chest x-ray showed at least three large 
tumors tn the left lung. The back lesion which had remained at 3 mm 
since cobalt therapy began to enlarge. Some ascites was noted as well 
aS left leg edema. Adriamycin administration was begun on 9/13/73. 
After two weeks. with the tumors expanding very rapidly. the Ad- 
riamycin was discontinued and Endoxan resumed at 200 mg/day. This 
was stopped on 10/5/73 after 2 gm because of hematologic depression. 
The back tumor had stopped growing and the ascites and leg edema 
had resolved. The pulmonary lesions resolved. 

Hospitalization was necessary again on 10/30/73 for rapidly expand- 
ing tumors on the back. These tumors were surgically resected and the 
patient was again well. She received another 5 gm of Endoxan in 
November. On 12/5/73, a new 2 cm tumor appeared on the back. En- 
doxan was resumed but the tumor grew slowly and by 1/3/74, two new 
lesions were present. These were again resected. Multiple small 
tumors appeared on the right upper back on 1/30/74, With the tumor 
growing extremely rapidly, the skin and subcutaneous tissue of the 
right back were resected on 2/5/74. The wound was covered with ir- 
radiated skin from another donor. Ten days following that procedure, 
multiple tumors appeared at the periphery of the skin grafts and new 
left pulmonary lesions were present. These tumors grew faster than 
any previously. Combination chemotherapy with 5-FU, Methotrexate, 
and Endoxan was started on 3/4/74. There was no response after two 
weeks and it was stopped. By 3/17/74 both lungs were nearly replaced 
by tumor. There was a rapid downhill course with the patient dying of 
respiratory insufficiency on 3/26/74. No autopsy was performed. 


Discussion 

The absence of previous reports of metastatic cystosar- 
coma phylloides in adolescents would suggest that the dis- 
ease behaves in a more benign fashion in the young. How- 
ever, this 14-year-old girl had one of the most aggressive 
malignant tumors imaginable. 

This rapidly progressive course contrasts with the 
malignant cases previously reported which were generally 
more indolent. Fifty-eight patients in Kessinger’s series’ 
were reported dead of metastases at an average of 30 
months after initial therapy. The doubling time of approxi- 
mately 3-5 days seen in most of this patient's recurrences 
and metastases is among the most rapid described. 

In spite of the rapid growth and spread, there was never 
any documented lymphatic dissemination of this tumor. 
Recurrent and metastatic cystosarcoma phylloides tumors 
are essentially always composed of the stromal elements 
alone. This is the sarcomatous part of the tumor which 
probably explains the low incidence of lymphatic spread 
(less than 15% of cases with metastases).*"*'*!" Similarly to 
other sarcomas, most metastasize by the hematogenous 
route. Involvement of nearly all internal organs has been 
reported but the lungs are most commonly the site of spread 
(66% in Kessinger’s series).° 

Perhaps because of this very rapid division of cells, this 
patient’s tumor showed a dramatic initial response to 
chemotherapy (Fig. 5) and later to irradiation. We are una- 
ware of any previously reported responses to either 
chemotherapy or irradiation in metastatic cystosarcoma 
phylloides. Trials have been very few, however. 
Chemotherapeutic agents tried previously without ap- 
parent effect have been: combination nitrogen mustard, 
5-FU, and Thiotepa,* Endoxan, Actinomycin D,” Cy- 
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clophosphamide with Methotrexate.® This young wo- 
man’s tumor behaved more aggressively with each re- 
currence and was unresponsive to the third course of 
chemotherapy. 

From prior reports it is apparent that controlling the 
primary tumor is of utmost importance. Kessinger’ found 
local recurrence in 51% of metastatic cases. In this case, 
metastasis only became apparent subsequent tothe second 
chest wall recurrence. Considering the rate at which this 
tumor grew, one could suspect that metastasis did not 
occur until the first or probably the second recurrence. 

This tumor demonstrated unusual malignancy. This re- 
portis not proposing routine use of radical operative proce- 
dures in all cases. It does emphasize that malignant cys- 
tosarcoma phylloides must be respected as a potentially 
metastasizing, lethal tumor in any age group. The impor- 
tance of a proper diagnosis and treatment from the onsetis 
obvious. 
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Arterial Stenosis Complicating Renal 


Of 306 renal transplantations, stenosis of the artery supplying the 
grafted kidney was found in 38 patients three months to two years 
after they had undergone renal transplantation. The diagnosis was 
made by arteriography done because of refractory hypertension 
with or without impaired renal function in 36 patients and as a 
routine investigation in two normotensive patients. The stenosis was 
corrected surgically in 14 patients, with resultant lasting relief of 
hypertension in ten patients and improvement of renal function in 
five out of six patients with impaired renal function. Different types 
of stenosis were recognized: stenosis of the recipient artery, stenosis 
of the suture line, stenosis of the donor renal artery (segmental or 
diffuse) and multiple forms. The most frequent site of stenosis was 
the donor artery. There seems to be no single cause of stenosis: 
atheroma of the recipient vessels, faulty suture technique, 
hemodynamic disturbances, trauma to donor or recipient arteries 
account for some cases, whereas in other cases the evidence points to 
an immune mechanism. This complication of renal transplantation 
may be more frequent than is thought at present; therefore, routine 
renal arteriography should be performed at repeated intervals in all 
transplanted patients. 


os OF THE ARTERY supplying the grafted kidney 
is a well recognized complication of human renal al- 
lotransplantation. It may cause hypertension with or 
without impairment of renal function, and these may be 
permanently relieved by surgical correction of the 
stenosis. Successful correction has been reported by 
several workers.!377-91213 

Experience of arterial stenosis after kidney transplan- 
tation during a 16-year period at Professor Hamburger's 
clinic in Paris, France, is described in this paper. Surgi- 
cal correction has been performed in 14 patients, and a 
coordinated study of arteriographic, surgical, and his- 
tologic findings has been done. This is one of the largest 
single published series of surgical corrections of this 
complication. 
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Clinical Data 


Of 306 renal transplantations performed in 287 pa- 
tients from June 1959 through December 1973, arterial 
stenosis has developed in 38 (12.4%), in eight (5.8%) of 
137 transplants from related living donors, and in 30 
(17.7%) of 169 transplants from cadaver donors. Arterial 
stenosis appeared in seven patients in whom the donor 
renal artery had been anastomosed end-to-side to the 
recipient common iliac artery, and in 31 patients in 
whom the donor renal artery had been anastomosed 
end-to-end to the recipient hypogastric artery. 

No correlation was found between the time of renal 
ischemia or the frequency and intensity of early rejec- 
tion crises on the one hand, and the frequency of arterial 
stenosis on the other hand. 


Blood Pressure 


Hypertension was defined as a diastolic blood pres- 
sure of more than 100 mm Hg obtained at not less than 
three consecutive readings. 

Of the 38 patients with arterial stenosis, the blood 
pressure before transplantation had been normal in 12 
patients and elevated in 26 patients. 

In two of the 12 patients who had been normotensive 
before transplantation, the blood pressure remained 
normal, despite the development of arterial stenosis. In 
the remaining ten patients, hypertension was noted be- 
tween three months and two years, but most often about 
six months, after transplantation. In some of these pa- 
tients hypertension developed within a space of 48 
hours. In all of the 26 patients who had been hyperten- 
sive before transplantation, hypertension persisted or 
reappeared in the first six months post-transplantation. 
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In some of the 36 hypertensive patients, a bruit became 
audible over the site of the transplanted kidney at ap- 
proximately the same time that the hypertensien became 
obvious. 

In one of the hypertensive patients clinical features 
suggestive of allograft rejection developed, but there 
was no response to corticosteroid therapy and the re- 
sults of the renal biopsy were normal. The conrect diag- 
nosis was given by arteriography. 

Renin activity in the vein of the transplanted kidney 
was elevated in two of the 14 patients in whom it was 
estimated. 


Renal Function 


Renal function tests (determination of blood urea nit- 
rogen, of blood creatinine concentrations and urinary 
cell count per minute, and creatinine clearance studies) 
were performed in all 38 patients. 

Impairment of renal function may be attributed to the 
stenosis alone, only if all abnormalities disappear after 
correction of the stenosis. 


Arteriography 

Renal arteriography was done in 36 patients because 
of hypertension with or without deteriorating renal func- 
tion, and as a routine investigation in the two patients 
who had normal blood pressures. 


Surgical Procedures 


Fourteen patients have been selected for surgical cor- 
rection of arterial stenosis. The criteria for selection 
were: |) hypertension not controllable medically and not 
due either to the presence of the patient’s own diseased 
kidneys (previous binephrectomy) or to chronic rejec- 
tion or recurrent glomerulitis (renal biopsy): and 2) in- 
creased renin activity in the vein of the transplanted 
kidney. Mild or moderate impairment of renal function 
Was not a contra-indication to correction of the stenosis 
provided arteriography and renal biopsy could rule out a 
recurrent glomerulitis or a serious rejection process. 

Surgical correction has been performed in these 14 pa- 
tients. The intervals between transplantation and correc- 
tion ranged from six months to two years. Correction 
was effected by resection of the stenotic area and 
reimplantation of the renal artery into the common iliac 
artery in four patients (direct in one and by saphenous 
vein autograft in three); by resection of the stenotic area 
and end-to-end renal artery-hypogastric artery reanas- 
tomosis in eight patients (direct in six and with interpos- 
ition of a saphenous vein autograft in two); and by ven- 
ous patch angioplasty in two patients. Patch angioplasty 
was used only when the stenosis was due to faulty 
technique and confined to the suture line and beth ar- 
teries were healthy. 

In the 11 cases in which the pathologic portion of ar- 
tery was resected, the sections of artery removed were 
examined histologically. Two of the sections were also 
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examined by an immunofluorescence technique. 

In 24 patients surgical correction of the stenosis was 
not indicated: two patients had neither hypertension nor 
impaired renal function; in 15 patients hypertension was 
satisfactorily controlled by hypotensive drugs and a 
low-sodium diet; and in seven patients uncontrollable re- 
jection reactions required transplant nephrectomy. 


Clinical Results 
Mortality 
One patient died from brain damage on the fourth day 
after operation for stenosis. At the time of operation he 
was already in deep coma due to malignant hypertensive 
encephalopathy. 


Blood Pressure 


The blood pressure fell to normal levels immediately 
after operation in all of the 14 patients who underwent 
correction of the stenosis. 

In ten of the 13 surviving patients the blood pressure 
has remained normal since operation. The ten include 
two in whom postoperative arteriography showed evi- 
dence of chronic rejection, and a third whose trans- 
planted kidney had to be removed three months after 
correction of the stenosis because it had become af- 
fected by the original renal disease. There was no corre- 
lation between pre-correction renin activity in the vein 
of the transplanted kidney and post-correction fall in 
blood pressure. 


f 





FiG. |, Renal transplant. Stenosis has developed at the origin of the 
recipient hypogastric artery. 
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Hypertension associated with chronic rejection reac- 
tions reappeared in three patients: two patients still have 
slight hypertension that is satisfactorily controlled medi- 
cally; in the third patient hypertension due to chronic 
rejection with destruction of the allograft led to removal 
of the transplanted kidney 18 months after correction of 
the stenosis. 


Renal Function 

Of six patients with impaired renal function at the 
time of correction of the stenosis, renal function became 
normal during the days immediately following operation 
in five. The sixth patient had a chronic rejection reac- 
tion and his renal function remained unchanged after 
operation. 

In seven patients renal function was normal before 
operation and remained normal after operation. 


Recurrence 


At the present time, in no case, has arterial stenosis 
recurred. 

Pathological Results 
Classification 

The following morphological and topographical clas- 
sification is based upon arteriographic and operative 
findings in 14 patients, and on arteriographic findings 
only in the remaining patients. The types of arterial 
stenosis identified by us might serve as a basis for future 
studies of this condition. 

The following types of stenosis were recognized, 

Stenosis of the Recipient Hypogastric Artery (Fig. 1). 
This was usually due to atheromatous changes in that 
vessel with, in some cases, flexion at an acute angle of 
the hypogastric artery over an atheromatous plaque. 

Stenosis of the Suture Line between the recipient and 
donor vessels (Figs. 2 and 3): a faulty suture technique 
is responsible for this type of stenosis. 

Stenosis of the Artery of the Transplanted Kidney. 
Here, two major types of stenosis, the localized and the 
diffuse, were distinguished: 

1) Localized Stenosis. The length of the stenotic zone 
did not exceed 8 mm and the portions of artery and/or 
the arterial branches situated on either side of the 
stenosis were of normal consistence and caliber. This 
type of stenosis may be proximal, that is, situated just 
beyond the suture line but in contact with it (Fig. 4), or 
distal, that is, at a distance from the suture, near the 
bifurcation of the renal artery (Fig. 5) or even affecting 
the bifurcation itself or the branches. 

2) Diffuse Stenosis. This consisted of a tubular nar- 
rowing of the entire length of the donor renal artery, the 
suture line being spared (Fig. 6). On arteriograms the 
outline of the stenosed artery was frequently irregular 
and the appearances suggested extensive endothelial 
proliferation. At operation the reduced external caliber 
of the donor artery contrasted with the normal caliber of 
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Fic. 2. Renal transplant. Stenosis at the suture line in end-to-end 
hypogastric artery-renal artery anastomosis. 


the recipient artery. recalling renal artery atresia. 

Histologic examination of the resected arterial seg- 
ments showed. in all cases of stenosis of the transplant 
artery, fibrous endarteritis with severe intimal thicken- 
ing sparing the suture line. Immunofluorescence re- 
vealed complement in the vessel wall near the stenosed 
area in the two cases in which this technique was used. 

Multiple Stenoses (Fig. 7). These associate two or 
more stenotic sites of the different varieties described 
just before. 

In the operated cases, where the angiographic and 
operative findings leave no doubt about the exact site of 
the stenosis, the most frequent site was the donor renal 
artery: ten of 14 operated patients as compared to two 
stenoses of the recipient artery and two at the suture 
line. In the non operated patients, if it be assumed that 
the sites of stenosis as indicated by arteriography alone 
were correct, the most frequent site was the donor ar- 
tery too. 


Discussion 
The true incidence of posttransplantation arterial 
stenosis has been underestimated until now, because, in 
no series, has routine renal arteriography of all trans- 
planted patients at repeated intervals been performed. 
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Incidences of 15 of 155 transplantations (9.7%)* and five 
of 118 transplantations (4.2%)'* have been reported. The 
incidence in our series, 38 cases in 306 transplants, or 
12.4%, probably does not reflect the actual frequency of 
this complication. Routine angiographic studies were 
undertaken in our 100 most recent transplant patients 
only, 23 of whom showed evidence of arterial stenosis: 
in some Cases, arteriography was done during the early 
posttransplantation phase only, before roentgenologi- 
cally visible stenosis could have developed. If the two 
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Fic. 3. Renal transplant 
(Left) Stenosis at the su- 
ture line in end-to-side 
common iliac artery-renal 
artery anastomosis. 
(Right) Arteriogram after 
venous patch angioplasty 
for correction of the 
stenosis. 


normotensive patients had not undergone routine ar- 
teriography their stenosis might never have been de- 
tected. Renal arteriography at regular intervals in all 
kidney transplant patients, irrespective of the presence 
of hypertension, might well reveal an incidence of arte- 
rial stenosis as high as 25%. 

The importance of arteriography in posttransplanta- 
tion arterial stenosis is not only statistical. It is also 
diagnostic, especially in those atypical cases in which, 
as in One of our patients, the clinical picture brings to 


FiG. 4. Renal transplant. 
(Left) Proximal type of 
Stenosis of donor renal ar- 
tery. The stenosis is just 
beyond the suture line, but 
in contact with it. (Com- 
pare with Fig. 2.). (Right) 
Arteriogram after resec- 
tion of the stenosis and 
end-to-end reanastomosis. 
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Fic. 5. Renal transplant. Distal type of stenosis of donor renal artery. 
The stenosis is near the bifurcation of the artery 


mind that of a rejection crisis. Simmons et al.'' have 
reported two patients in whom renal artery stenosis 
completely simulated intractable allograft rejection. Ar- 
teriography gave the correct diagnosis and, thanks to 
surgical correction, the kidneys were salvaged. Other- 





Fic. 6. Renal transplant. Diffuse stenosis of the entire trunk of the 
donor renal artery. 
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Fic. 7. Renal transplant. Multiple areas of arterial stenosis 


wise, transplant nephrectomy would have been done. 
We differ from the view expressed by Smellie et al." 
that it is unnecessary to do posttransplantation arterio- 
grams for the investigation of hypertension unless an 
arterial bruit is audible over the transplant. Such bruits 
have not, in our experience, constantly accompanied 
arterial stenosis. The contribution of arteriography in 
the elucidation of the complications of renal transplanta- 
tion has been well described by Staple and Chiang.’* In 
our view it should be performed during the first month 
after renal transplantation, and again six months and 
two years after transplantation. 

Several explanations for the development of arterial 
stenosis after kidney transplantation have been ad- 
vanced. 

Atheroma of the transplanted patient is a cause of 
stenosis of the recipient artery. The vessels should be 
carefully scrutinized for atheroma and if atheromatous 
plaques exist in the hypogastric artery, either endar- 
terectomy should be performed before anastomosis or a 
different recipient artery should be used. 

Faulty suture technique, such as excessively broad 
suture bites, the use of extra stitches, or mechanical 
‘tucking’ of one or both arteries, produces localized 
stenosis confined to the suture line. Suture errors are 
especially liable to occur in end-to-end anastomoses be- 
cause a gross difference in texture and caliber between 
the donor and the recipient vessels exists frequently. 

Traumatic causes include: damage to donor or reci- 
pient artery, either during removal of the donor's kidney 
or during transplantation, by traction, clamping or snar- 
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“ing; endothelial lesion or subintimal dissection by the 
perfusion cannula. Trauma does not explain satisfactor- 
ily all cases of stenosis, as it is difficult to see how it 
could cause stenosis of a single branch of the renal ar- 
-tery or diffuse narrowing of the whole renal arterial tree 
whose radiographic appearance is similar in all cases. 

Disturbed hemodynamics in end-to-side anastomosis 
is held responsible for stenosis by Morris et al. 
Stenosis, according to these workers, may result from 
an Over acute angle of take-off between the denor renal 
artery and the iliac vessel, or when a redundant renal 
artery leads to kinking with consequent turbulent flow. 
Only seven of our own patients had had end-to-side 
anastomosis, as compared to 31 in whom it had been 
end-to-end. 

An immune causative factor has been advanced as a 
cause of stenosis of the transplant’s artery (Kincaid- 
Smith et al.,? Porter et al.'°). The principal arguments in 
favor of an immunologic cause are: 1) the similarity be- 
tween the histologic changes in the stenosed arteries and 
the vascular lesions of renal allograft rejection. namely, 
subintimal fibrosis and intimal proliferation; and 2) the 
existence of privileged cases where vascular lesions of 
allograft rejection, with identical histologic appearance, 
affect the whole arterial tree from the main renal artery 
to the renal capillaries. The first stage in the process 
seems to be deposit of fibrin and platelets on the en- 
dothelium, leading to endothelial proliferation and inti- 
mal fibrosis. O’Connell and Mowbray* produced intimal 
thickening in rabbit arteries by exposing the arterial en- 
dothelium to xeno- and allo-antibodies. The presence of 
complement in the stenosed arterial walls in two of our 
patients may support the immunological explanation. 

Whatever the cause, histologic examination of resec- 
ted stenotic arterial sections alone can give no clue to 
the mechanism of production of the stenosis: because of 
the time interval between the triggering mechanism and 
operation, all that is seen is organized cicatricial fib- 
rosis. But the association with changes in the intrarenal 
capillaries that are characteristic of rejection supports 
an immune mechanism. 

The non-recurrence of stenosis in our patients, con- 
trasting with the experience of Lee et al. may be due 
to our practice of resecting diseased arterial tissue. We 
have invariably sutured healthy artery to healthy artery, 
and have reserved patch angioplasty for stenosis re- 
stricted to the line of anastomosis. 

In the presence of hypertension with or without de- 
terioration of renal function not ascribable to causes 
other than arterial stenosis and not yielding to medical 
treatment operation should be recommended. The role 
of the stenosis in generating hypertension is borne out in 
our series by the facts that 1) ten of our patients did not 
become hypertensive until after transplantation, 2) in 
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two patients removal of their own diseased kidneys did 
not relieve hypertension, which persisted until the 
stenosis was corrected, and 3) renin activity in the vein 
of the transplant kidney was elevated in two patients. 

The renal impairment was thought to be due to renal 
ischemia in five of our patients: this was Suggested in 
these cases by the fact that a reduction in blood pres- 
sure obtained by medical therapy before correction of 
the stenosis led to further deterioration of ‘renal func- 
tion. The renal ischemia in its turn was secondary to the 
Stenosis as was shown by the reversion to normal renal 
function immediately after correction of the stenosis. 

Although elevated renin activity in the vein of the 
transplanted kidney is an indication for operation, a 
normal level of renin activity is neither a contra- 
indication to operation nor an unfavorable prognostic 
factor, since it does not influence the hypotensive effect 
of surgical correction. 

Perhaps long-term anticoagulant therapy, as suggested 
by Kincaid-Smith et al.? will reduce the frequency of 
this complication of renal allotransplantation. 

Such vascular lesions may conceivably be encoun- 
tered after transplantation of other organs and account 
for some secondary failures, especially of heart trans- 


plants. 
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Factors Determining Successful 
Liver Preservation for Transplantation 


A. . 
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Auxiliary liver allotransplants will survive for relatively long 
periods of time after 24 hour hypothermic (10—12C), pulsatile perfu- 
sion. The best perfusate was a silica gel fraction of dog plasma with 
added potassium chloride gel made hyperosmolar with glucose. 
Further improvement could be achieved with added allopurinol and 
methylprednisolone. Nonpulsatile flow or lower temperatures were 
less effective preservation techniques. 


LTHOUGH the in vitro storage of kidneys for 

transplantation is now routine, preservation of the liver 
by similar techniques has been limited to a few hours.” 
Belzer? has noted endothelial damage and sinusoidal dis- 
ruption after 10 hours of hypothermic perfusion. Impair- 
ment of mitochondrial functions, specifically the oxidative 
phosphorylation, the respiratory control and the capacity 
to oxidize substrates are also commonly observed after 
short periods of either normothermic or hypothermic per- 
fusion.™?* Attempts to maintain the viability ofthe organ by 
means of vascular perfusion and oxygenation have fre- 
quently failed.**** The use of continuous pulsatile per- 
fusion®*** plus hyperbaric oxygen have only partially im- 
proved the preservation of liver homografts.°*” 

In previous experiments utilizing hypothermic plasma 
perfusion of the kidney and small intestine we have de- 
veloped several techniques***' which permit preservation 
for very long periods. These include modifications***’ and 
additives***? to the plasma perfusate as well as modifica- 
tions in pressure and flow.****4!? The present study was 
designed to study these and other modifications in attempt- 
ing to prolong the survival of dog livers in vitro prior to 
auxiliary allotransplantation. 
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Materials and Methods 


Adult unrelated mongrel dogs of either sex underwent 
auxiliary liver transplantation according to a modified 
technique of Bengochea-Gonzalez and associates." Recip- 
ient animals weighed 19-29 kg and donor dogs weighed 
8-14 kg. All animals were anesthetized with sodium 
methohexital for induction and Fluothane for mainte- 
nance. Oxygen was used during ventilation. Ringer’s lac- 
tate was given intravenously during surgery. Isoproterenol 
HCL 1:5000(0.2 mg) and heparin (S00 U/kg) were adminis- 
tered intravenously 20 minutes before the graft was re- 
moved from the donor. 

The liver graft was removed from the donor dog with 
attached long segments of supra and infra-hepatic vena 
cava, portal vein and celiac axis. The donor's liver was 
flushed through the celiac axis and portal vein with cold 
(4C) Ringer's lactate solution containing heparin (10,000 
U/L) and procaine (1 gm/L), until the venous effluent was 
clear. Usually 2 L of flushing solution was utilized for a 
complete washout. 

Immediately after flushing, the liver was preserved by 
hypothermic perfusion for 24 hours (Figs. | and 2) except 
the livers of dogs from Group I which were transplanted 
immediately. The livers of dogs in Group II were perfused 
with cryoprecipitated plasma (CPP) prepared according to 
standard techniques.' The livers of dogs in group III were 
perfused with a silica gel fraction (SGF) of plasma recently 
described by our group.’ SGF: is basically a plasma fraction 
treated with silica gel resulting in removal of all cholesterol 
and fibrinogen and most of the lipoproteins.” Both CPPand 
SGF have a normal concentration of extracellular electro- 
lytes (sodium 140 mEq/L, potassium 4.0 mEq/L), and os- 
molarity (290 mOsm/L) with total proteins of 4.0 gm% and 
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Fic. 1. Canine liver being perfused through the celiac axis and portal vein. 
The common bile duct is cannulated and the bile collected outside the 
pertusion cassette. Perfusate comes out the superior and inferior vena 
cava and recirculates again into the system. 


albumin 2.9 gm%. The livers of dogs from Group IV to VII 
were perfused with SGF to which KCL. dextrose and salt 
poor human albumin (Hyland, Travenol Laboratories. 
Costa Mesa, Calif.) had been added (MSGF). The final 
concentration of these additives in the perfusate was K 
+100 mEq/L, glucose 1050 mg/L, total proteins 5.0 gm%, 
albumin 3.7 gm%, and osmolarity 560 mOsm/L. Additives 
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to all perfusates included phenolsulfonphthalein (PSP) (2 
ml/L), insulin (80 U/L), methylprednisolone (800 mg/L). 
and ampicillin (1 gm/L). 

The perfusion system consisted of a Mox-300 machine 
(Waters Instruments, Inc.. Rochester, Minn.) that was 
primed with 1800 ml of the perfusate maintained at 10-12C. 
pH 7.35 (10C). pO, 800 mmHg. The livers were perfused 
through the celiac axis or hepatic artery with a systolic 
perfusion pressure of 60 mmHg, pulse rate 60/min. and 
through the portal vein by means of gravity flow (12 cm 
H-0) (Figs. | and 2). The bile was continuously obtained 
from a catheter placed in the common bile duct. Perfusate 
flow and pressure were periodically determined until the 
end of preservation. During perfusion, samples were taken 
from the perfusate every two hours for the first six hours. 
then every six hours until the end of perfusion. Electro- 
lytes, osmolarity, pH, pO.. pCO., glucose, alkaline phos- 
phatase, lactic acid dehydrogenase (LDH). glutamic 
oxaloacetic transaminase (GOT). 8 -glucuronidase, lactic 
acid, bilirubin and ammonium were determined in all sam- 
ples (Bilirubin, LDH, and SGOT were determined accord- 
ing to the techniques of Bio-dynamics Inc., Indianapolis, 
Ind. Lactic acid was obtained from Sigma Chemical Co.. 
St. Louis, Mo., and ammonia from Hyland, Travenol 
Laboratories, Costa Mesa, Calif. 

Following 24 hours of perfusion, the liver was reflushed 


Bile Secretion 
: ap 
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Fic. 2. Diagram of the liver 
perfusion system. The liver 
is perfused through the 
hepatic artery or celiac axis 
with pulsatile flow (60 
mmHg) and through the 
portal vein with gravity flow 
(12 cm H0). The perfusate 
comes out both vena cava 
and circulates through the 
oxygenator (pO, 800 
mmHg). arterial reservoir, 
pulsatile pumps and heat 
exchanger. The flow that 
goes to the portal vein is de- 
rived in a gravity fashion 
andthe arterial flow in a pul- 
satile modality. Bile is col- 
lected from the common 
bile duct. 
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1 Portal vein - portal vein anastomosis. 


2 Inferior vena cava -Inferior vena cava 
anastomosis. 


3 Celiac axis -right external iliac anas- 
tomosis. 


4 Cholecysto — duodeno anastomosis. 
5 Portal vein ligated. 


Fic. 3. Technique of auxiliary liver transplantation. The portal vein was 
ligated in the host's liver (5), and the splanchnic flow was directed to the 
transplanted liver through an end-to-end portal to portal anastomosis (1), 
The celiac axis and inferior vena cava anastomosis were performed end- 
to-end to the right external iliac artery and end-to-side toinferior venacava 
respectively (2,3). Acholecysto-duodeno anastomosis was performed (4). 
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through the portal vein and the hepatic artery witha total of 
1 L of cold (4C) Ringer’s lactate to wash out the excessive 
K + before auxiliary transplantation into an unrelated re- 
cipient animal. The donor liver was continuously flushed 
with this solution while being transplanted. It was placed in 
the right side of the abdomen with its hilum towards the 
midline. Two end-to-side venous anastomoses were per- 
formed: portal vein to either superior mesenteric vein or 
portal vein of the recipient and inferior vena cava to infra- 
renal vena cava. One end-to-end arterial anastomosis was 
done, celiac axis of the donor to right common iliac of the 
recipient. The recipient's portal vein was then ligated to 
direct host splanchnic blood flow into the auxiliary liver. A 
side-to-side, one layer cholecystoduodeno anastomosis 
completed the operation (Fig. 3). a 

After transplantation the dogs were treated with in- 
travenous Ringer's lactate to which dextrose 50% (50 
ml/L), salt poor albumin 25% (50 ml/L), multivitamins (2 
ml/L) and potassium chloride (20 mEq/L) were added. 
Chloramphenicol 500 mg intravenously twice a day and 
kanamycin 500 mg intramuscularly every 12 hours were 
given for three days after surgery. Oral feeding was started 
progressively at the Sth postoperative day. All dogs were 
treated with azathioprine 5 mg/kg/day for the first three 
days and then 2.5 mg/kg/day until death. Such an im- 
munosuppressive regimen will not normally prolong the 
survival of nephrectomized kidney allograft recipients in 
dogs.* Blood samples were obtained from recipients daily 
for two weeks, and twice a week thereafter for: hemoglo- 
bin, hematocrit, leukocyte count, electrolytes, lactic acid, 
bilirubin, alkaline phosphatase, LDH, SGOT. and am- 
monium. 

Weekly “”Tc-pertechnatate and '*'I rose bengal gamma 
scanning were obtained. Postmortem examination was 
performed in all animals. Biopsies from both livers were 
taken weekly and final microscopic study was performed at 


TABLE 1. Perfusion Characteristics During Liver Preservation for 24 Hours (Mean Values +SE) 


Weight Gain Fluid Loss Bile Production 
(%/24 hrs) (L/24 hrs) (ml/gm tissue/24 hr) 
21.8+4.5° 0.5+0.1°* 0.2 +0.06" 
17.325.1 0.3+0,] 0.3 +0.08* 
10.1+3.5° 0.2+0. 1° 0.4+0.1° 

20 +8.5° 0.4+0.2° 0.04 +0.01°" 

17 +6.2 0.5+0.1% 0.2+0.08¢* 
8$.6—3.5° 0.1+0.05°4 0.5+0, | 


— ———— —— — — —— — —— —— ——— ——— — — — — — — — — 


ap<0.05 when final values of Groups II, V. VI were compared to final values of Group VII. 


Flow Rate 
(ml/min/gm) 
Group Perfusate I 
II CPP 0.60.1 0.5+0.1° 
III SGF 0.7+0.1 0.8+0.2 
IV MSGF 0.8+0.1 0.9+0.2 
V MSGF with 0.8+0.2 0.6+0.1° 
Gravity flow 
VI MSGF with 0.7+0.2 0.6+0.1" 
temperature 
at7C 
VII MSGF with 0.8+0.1 1.10.2 
methylprednisolone 
and allopurinol 
I = Initial 
F = Final *p<0.05 when values of Groups II 


. V were compared to values of Group VII. 


°p<0.05 when values of Group II were compared to values of Group IV. 


4p<0.05 when values of Group VI 


were compared to values of Groups IV, VII. 


ep<0.05 when values of Group V were compared to the values of Groups II, II, IV. VI, VIL. 
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TABLE 2. Perfusate Concentration During Liver Preservation for 24 Hours (Mean Values +SE) 


Lactic Dehydrogenase 


(U/100 ml) 
Group Perfusate I F 
II CPP 12+4,5*4 95 +12.3°* 
Il SGF 1S+5.0" 61+9.6° 
IV MSGF 19+4.2 32+8.5° 
V MSGF with 28 +6, 5°" 315+42¢4 
gravity flow 
VI MSGF with 154.3" 19531.2042 
temperature 
at7C 
VII MSGF with 23+3.5° 47+ 14.94 
methylprednisolone 
and allopurinol 
I = Initial 
F = Final 


SGOT Glucose Osmolarity 
(U/100ml) (mg%) (mOsm/L) 

I F I F I F 
80+18% 413+96" 350+42" 295+27* 285+10"  292+8* 
64+10° 396+84 28866" 235+61" 288+99 295+12" 
75+33* 305+135 1050+45° = 928+85" S80+26° 545+31" 
85+28° 298+86 935+72" 1038+86 535+63"  515+31^ 
68+14"  347+434 975+83" 1076+72" S08+47" 480+23" 
53+18° 1644399" 1012+46° 957+63" 5474359 536+1% 


* p<0.05 when initial amd final values were compared in Groups II, III, V. VI 
*p<0.05 when initial values of Group II were compared to initial values of Groups V, VII 


“p=0.05 when final valwes of Groups II, III, V, VI were compared to final values of Group IV 
“p<0.05 when final values of Groups II, V, VI were compared to final values of Group VII 


“ p<0.05 when initial and final values were compared in Groups IV, VII 
‘p<0.05 when final values of Group III were compared to final values of Group VII 


*p<0.05 when initial values of Groups II, HI were compared to initial values of Groups IV, V, VI, VII 


death. Statistical analysis with standard error and students’ 
T test was determined for all parameters between groups of 
animals. 


Seven groups of five dogs each (35 dogs) were studied. 
Group I dogs received fresh auxiliary liver transplants 
without preservation. Group II, the livers were perfused 
with CPP, group III, SGF as perfusate, group IV. SGF 
made hyperglycemic, hyperosmolar and hyperkalemic 
(MSGF), groups V to VII, MSGF was utilized as perfu- 
sate with the following changes in the system: group V, 
gravity flow at 12 cm H,O was given simultaneously 
through both the portal vein and celiac axis. group VI, 
the temperature of the system was decreased from 10- 
12C, to 7°C. group VII, methylprednisolone 2 gm/L and 
allopurinol 500 mg/L were added to MSGF perfusate. 


Results 


Effect of Perfusate Composition, Temperature and Perfu- 
sion Technique on Fluid Loss, Flow Rate and the Chemical 
Composition of Perfusate During 24-hour Preservation of 
the Liver 

Table 1 lists the perfusion characteristics at the start and 
at the end of the 24-hour period of liver preservation. Com- 


TABLE3. Effectofthe Modification of Perfusion on the Survivalof Dogs 
With Auxiliary Liver Preserved For Twenty-four Hours 
Survivors 

>$ days Mean Survival 

Groups Perfusate (#dogs) (Days + SE) 
I None 5/5 14.8 + 3.5 
I] CPP 1/5 2.9 +1414 
II SGF 2/5 4.7 + 1.2 
IV MSGF 4/5 11.7 + 2.9 
VII MSGF with 5/5 13.6 + 4.1 


methyl predni- 
solone and 


allopurinol 
ee i a 


paring the perfusate, the temperature, the pulsatile charac- 
teristics of the intra-arterial flow did not result in any sig- 
nificant difference in the flow rate during the start of perfu- 
sion. Flow rate remained reasonably stable. There was no 
significant decrease in flow rate during the entire period of 
perfusion. In fact, the only major change occurred when 
MSGF with added methylprednisolone and allopurinol 
were utilized as plasma perfusate. In this case, the flow rate 
increased during the 24-hour perfusion. During perfusion, 
there was a definite increase in the weight of the liver 
suggesting the formation of edema. In livers perfused with 
unmodified CPP or SGF or in livers perfused under gravity 
flow orat7C, this ranged from 17% to 25% of the initial liver 
weight. However, when MSGF was utilized for perfusate 
with pulsatile arterial flow or MSGF with added methyl- 
prednisolone and allopurinol, the weight gain ranged only 
between 8% and 12%. Similarly, the perfusate fluid loss in 
the MSGF and MSGF with added methylprednisolone and 
allopurinol group was less than when the unmodified CPP 
and SGF was utilized or when gravity flow was utilized or 
MSGF at 7C. 

Bile production when MSGF perfusate was utilized at 
gravity arterial flow was negligible. Bile production of 0.2 
ml/gm of tissue occurred from livers perfused with unmod- 
ified CPP, SGF. MSGF, or MSGF at 7C. Increased bile 
production was noted when MSGF or MSGF with methyl- 
prednisolone and allopurinol were utilized as perfusates. 


Effect of Modifying Perfusate Composition and Perfusate 
Technique on the Chemical Composition of Perfusate Dur- 
ing Liver Preservation for 24 Hours 


Table 2 lists changes in perfusate composition which 
occurred during 24 hours perfusion. Unmodified CPP or 
SGF resulted in moderate increases in lactic dehy- 
drogenase, SGOT, lactic acid and ammonium, whereas the 
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TABLE 2. (Continued) 
Bilirubin Lactic Acid Potassium Ammomum 
(mg%) (mg%) (mEq/L) (ug) 

I l I F I F 
0.7+0.1 0.9+0.2 14+4.5! 35+8.2 4.0+0,.2"* 12.5+3,2" 285 +422 825 +68" 
1.0+0.) 0.9+0.05 18+2.8 31+6.7 3.9+0.39* 8.7+2.6" 195 +SSe4 416+37" 
0.6+0.2 0.4+0.] 16=4.5 34+8.5 110+6.8? 115+8.7" 315245 425 +80" 
0.5+0.2 0.6+0.3 13+4.2! 54+22.9 96 +8.7" 107 +10.8" 322+53* 875+41" 
0.3203 0.9+0.1 14+3.9! 37+12.2 87 +6.2° 99 +8.4" 387 +467" 832 +63" 
0.5+0.1 0.7+0.2 1424.3 26+ 10.7? 103 +9. 7" 108+11.3" 373 +63! 575 +98 





^ñ p<0.05 when final values of Groups II, IHI were compared to final values of Groups IV, V. VL. VU 
‘'p<0.05 when initial and final values were compared in Groups II, V, VI 

j p<0.05 when final values of Group V were compared to final values of Group VII 

*p<0.05 when initial and final values were compared in Groups II, I 
'p<0.05 when initial values of Group III] were compared to initial values of Groups VI, VII 

™p<0.05 when final values of Groups I, IV were compared to final values of Groups II, V. VI 


osmolarity and bilirubin concentration remained stable. 
Modified SGF resulted in lesser increases in lactic dehy- 
drogenase, SGOT, when compared with the unmodified 
perfusates. Modifying the SGF plus adding methylpred- 
nisolone and allopurinol resulted in lesser increases in 
SGOT, lactic acid but generally did not change the perfu- 
sate concentration when compared with MSGF without 
additives. Use of gravity flow rather than pulsatile arterial 
flow resulted in marked increases in lactic dehydrogenase 
and lactic acid production when compared with the other 
perfusion techniques. Similarly, perfusion at 7C rather 
than 12C resulted in greater increases in lactic dehy- 
drogenase and lactic acid production and serum am- 
monium levels. There were no significant changes in glu- 
cose concentration, bilirubin concentration or perfusate 
osmolarity during the perfusion. 


Effect of Perfusion Modification on the Survival of Dogs 
with Auxiliary Liver Perfused for 24 Hours 


Dogs receiving transplants of fresh auxiliary livers 
(Group I) survived a mean of 14.5 days (Table 3). When the 
livers were transplanted after 24 hours of hypothermic 
pulsatile perfusion with CPP or SGF, there wasasignificant 
reduction in survival (Table 3). Dogs transplanted with 


livers perfused with modified SGF, however, had signifi- 
cantly greater survival and the best survivals of all compar- 
able to the transplantation with fresh liver was obtained 
when 24 hours of preservation with MSGF to which 
methylprednisolone and allopurinol had been added was 
utilized. Table 4 demonstrates the effect of changing perfu- 
sate temperature and/or arterial flow onthe survival of dogs 
with auxiliary liver transplants preserved for 24 hours. 
Here it is apparent that substituting gravity non-pulsatile 
arterial flow or lowering the temperature of the perfusate to 
7C had adverse effects on the survival of the dogs when 
compared with the use of the MSGF itself. The best results 
were obtained in dogs transplanted with livers perfused for 
24 hours with the MSGF to which large amounts of methyl- 
prednisolone and allopurinol were added (Group VII). All 
dogs survived more than five days with a mean survival of 
13.5 days. The causes of death are noted in Table 5. 
Dogs transplanted with auxiliary liver preserved with 
MSGF (Group IV) and those preserved with the similar 
perfusate to which methylprednisolone and allopurinol 
were added (Group VII) had, immediately after grafting, an 
initial peak in the LDH and SGOT levels. Two days later 
these enzymes were significantly decreased. The serum 
bilirubin and blood ammonium were usually in the upper 


TABLE 4. Effect of Gravity Flow and 7 C Temperature on the Survival of Dogs With Auxiliary Liver Preserved for Twenty-four Hours 


Perfusion Variables 


Survivors 
Perfusate >$ days Mean Survival 
Groups Perfusate Temperature Perfusion Characteristics (# dogs) (Days + SE) 

IV MSGF 10-12 C Pulsatile arterial flow (60 mmHg) 4/5 11.722.9 

Gravity portal flow (12 cm H,O) 
V MSGF 10-12 C Gravity arterial flow (12 cm H0) 3/5 722.3 

Gravity portal flow (12 cm H,O) 
VI MSGF 7C Pulsatile arterial flow (60 mmHg) 3/5 8.1+3.4 


Gravity portal flow (12 cm H,O) 
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Fic. 4. Daily serum biliru- 
bin, SGOT, LDH, and 
blood ammonium values 
(mean + SE) in dogs trans- 
planted with livers pre- 
served for 24 hours with 
MSGF and MSGF plus al- 
lopurinol and methylpred- 
nisolone. Note an im- 
mediate rise in all values 
after perfusion and grafting 
with further decrease sev- 
eral days later. A second in- 
crease was observed nine 
days after transplantation. 
The blood ammonium fol- 
lowed a slightly different 
pattern, 


Days Post -transplant 


limits in the first five days after grafting. Thereafter, the 
ammonium rose significantly for two days and then de- 
clined to previous levels. The SGOT and LDH began to 
climb eight to nine days after transplantation and decreased 
again two days thereafter. At the end of two weeks, all 
values were moderately increased (Fig. 4). Histologically 
there was hepatocyte preservation three weeks following 
transplantation with slightly central atrophy, mild bile 
Stasis and congestion (Fig. 5). 

There were no significant differences in the survival of 
the dogs transplanted with livers that were perfused with 
MSGF, pulsatile flow and 10-12C (Groups IV and VII) and 
the dogs transplanted with fresh liver which had no preser- 


TABLE 5. Cause of Recipient Death After Liver Preservation and 
Auxiliary Transplantation 
Groups 
Cause of Death L WUuIVV VI VII 

Hepatic necrosis ELED 9 0 
Uncontrollable bleeding —d2101 l 0 

(capsular or hemorrhagic 

diathesis) 
Generalized sepsis kites 3 0 
Early portal vein thrombosis Oidi iU p 0 
Late portal vein thrombosis tOO 1 0 | | 
Gastrointestinal bleeding 0o00'1 6 9 0 
Small bowel necrosis 090100 93 0 
Celiac axis thrombosis rE JET g l 
Rejection Loo hi a 0 2 
Peritonitis 00060 1 0 | | 


vation (Group I). The enzymatic values (LDH, SGOT), 
serum bilirubin and blood ammonium posttransplantation 
were lower in the dogs transplanted with non-preserved 
livers; however, a similar pattern was observed during all 
post-grafting periods (Fig. 6). 

Most of the dogs transplanted with livers preserved with 
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Fic. 5. Normal liver histology. Complete hepatocyte preservation after 24 
hours perfusion and transplantation in one of the liver recipients of Group 
VII (MSGF + allopurinol and methylprednisolone) (Hematoxylin-eosin 
x 100). 
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CPP or SGF (Groups I], IH) had a poor outcome after 
preservation and transplantation. These dogs had continu- 
ous rising levels of blood ammonium and serum bilirubin 
immediately after grafting. The LDH and SGOT ascended 
significantly in the first two days posttransplantation and 
then minimally declined tobe maintained at very high levels 
until death (Fig. 7). Microscopically, there was massive 
congestion, hemorrhage, severe central atrophy and sig- 
nificant damage of the hepatocytes with capsular hemor- 
rhage (Fig. 8). 

Dogs transplanted with livers preserved at 7C or with 
gravity flow showed an initial elevation of serum LDH, 
SGOT, bilirubin and ammonium in the first three days after 
grafting. There was a decrease in the enzymatic values 
seven days posttransplantation with a subsequent rise 
three days thereafter. The serum bilirubin and blood am- 
monium rose again moderately before death. 

Seven dogs were eliminated from the results for analysis 
because of technical failures which occurred during 
surgery and preservation. These included technical post- 
operative bleeding (three dogs, Groups II, III, V. one 
each), anesthesia complications (one dog, Group I), bron- 
choaspiration (one dog, Group VI), air embolii and severe 
acidosis during preservation (two dogs, Groups IV, VII). 
Four more dogs that died in the first three days after grafting 
were also eliminated from the study. These dogs died con- 
secutively due to unrelated causes suchas distemper (three 





Days Post-transplant 


dogs. Groups II, V, VI) and intussusception (one dog. 
Group III). 
Discussion 

Preservation of the liver offers far greater challenges 
than does preservation of the kidney. The present study 
represents a series of pilot experiments utilizing small 
groups of dogs to determine: |) what flow characteristics 
during perfusion may be predictive of viability; 2) what 
chemical changes in the perfusate might be predictive of 
viability; 3) what modifications of perfusate composition 
might extend viability during perfusion; and 4) what altera- 
tions in perfusion characteristics may extend or limit viabil- 
ity of the perfused organ. 

The basic techniques involved perfusion for 24 hours of 
livers which were then allotransplanted heterotopically 
into minimally immunosuppressed dogs with ligated portal 
veins. The survival of the dog was felt todepend not only on 
the function of the transplanted liver but also the provi- 
sion, by means of the interposed transplant, for decom- 
pression of the portal circulation after portal vein liga- 
tion. If necrosis of the transplanted liver occurred due to 
failure to maintain viability during perfusion or rejection, 
the dog would die due to a combination of liver failure 
plus portal hypertension and intestinal congestion, It is 
well known that dogs do not usually survive acute portal 
vein ligation without portal-systemic division. !® 177529 
Our model of organ preservation is in no way affected by 
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FiG. 7. Daily serum bilirubin, SGOT, LDH, and blood ammonium values 
(mean + SE) in dogs transplanted with livers preserved for 24 hours with 
CPP and SGF. Note a continuous and significant rise in all values after 
preservation and transplantation. There was practically no liver function 
recovery after grafting. 


O -NU $ 


the findings that heterotopic liver grafts atrophy with 
time,'*?13435 or that dogs became ill after chronic porto- 
caval diversion, +4348 

Based solely on the survival of the recipient dog, it is 
apparent that the best perfusate consisted of MSGF. a 
hypertonic, hyperglycemic, hyperkalemic plasma fraction 
free of almost all lipoprotein, cholesterol, and fibrinogen. 
Only MSGF perfusion permitted recipient survival equalto 
‘the fresh transplant. Furthermore, early transplant func- 
tion appeared to be as good after MSGF perfusion for 24 
hours as after fresh transplantation. 

MSGF was almost as good as that with methylpred- 
nisolone and allopurinol. Although one can assume that 
dog livers perfused with SGF or CPPare not viable enough; 
very few changes in the perfusate concentration during 
liver preservation for 24 hours hint that the MSGF or the 
MSGF with additives is in any way superior to CPP or SGF. 
Lactic dehydrogenase, SGOT, potassium and ammonium 
concentrations rose with all perfusates although the SGOT 
and lactic dehydrogenase increased less with the more 
successful perfusates. Measuring lactic acid, potassium 
and ammonium gave no assistance nor did glucose, biliru- 
bin or osmolarity. Similarly, measuring the flow rate during 
the perfusion was not of great help in predicting liver viabil- 


TOLEDO-PEREYRA, SIMMONS AND NAJARIAN 


Ann. Surg. * March 1975 


ity although perfusion with MSGF with added methylpred- 
nisolone and allopurinol led to increased flow rate at 24 
hours when compared with the initial flow rate. Weight gain 
was less with the successful MSGF perfusates and fluid loss 
during perfusion was minimal. Most striking was the almost 
double bile production when MSGF was utilized 
when compared with standard CPP or SGF perfusates. 
Thus, these findings suggest that successful perfusion with 
maintenance of viability of the perfused organ can be par- 
tially predicted in the failure of the lactic dehydrogenase 
and SGOT enzymes to increase during perfusion, failure of 
the flow rate to decrease and increase flow rate, a lack of 
weight gain, a lack of fluid loss, and marked increase in bile 
production. Other parameters appear less successful in 
predicting viability. 

The mechanism by which SGF with high concentrations 
of potassium and glucose protected the perfused livers is 
not clear. It is possible that during preservation the hepatic 
cell membranes do not maintain stability and therefore the 
organ looses intracellular substances by passive diffusion. 
Potassium and glucose are the most important substances 
being extravasated during liver hypothermic preserva- 
tion.’ For this reason higher concentrations of potassium 
and glucose in the perfusate or extracellular space preventa 
passive transport of these substances from the cells. Lie 
and associates'® found that 600 mg/L of glucose and 50 
mEq/L of potassium in the perfusate were the optimal 
concentrations for successful intermittent gravity perfu- 
sion of the porcine liver for periods up to 17 hours. The 
beneficial effects of SGF on perfused livers is probably 
related to the absence of cholesterol and fibrinogen and the 
relatively low values of lipoproteins in this perfusate.*7 

The addition of allopurinol to the perfusate improves in 
vitro function and posttransplant survival probably by pro- 
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Fic. 8. There is massive congestion, hemorrhage, severe central atrophy 
and significant hepatocyte damage in one of the liver recipients trans- 
planted after perfusion with CPP (Hematoxylin-eosin = 40). 
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ducing vasodilation and increasing the nucleotide pool with 
consequent conservation of energy.** Birbaum and col- 
leagues’ observed that the addition of high-energy electron 
bonds suchas ATP, NAD, and FAD inthe perfusate did not 
maintain the viability of transplanted dogs with liver per- 
fused for 24 hours. Some of the signs of cellular damage 
during perfusion, such as potassium leak and low glucose 
and oxygen utilization, were reversed by the addition of 
ATP to the liver perfusion system. 

The use of allopurinol combined with high doses of 
methylprednisolone (2.0 gm/L) determined a better out- 
come of the perfused and transplanted livers. The benefi- 
cial effect of methylprednisolone in the perfused organs is 
based on its action of stabilizing membrane lysosomes and 
improving tissue perfusion. However, regular doses of 
methylprednisolone (800 mg/L) routinely used in kidney 
preservation did not demonstrate any beneficial effect on 
livers perfused for 24 hours. 


Belzer and his group? found the endothelial integrity of 
the sinusoids consistently damaged after 10 hours of pul- 
satile perfusion with cryoprecipitated plasma.* All porcine 
livers perfused for 24 hours died immediately after trans- 
plantation. Brettschneider and associates’ perfused suc- 
cessfully canine livers under hypothermic perfusion and 
hyperbaria from eight to 25 hours. The animals trans- 
planted with poor perfused livers died within three days 
after grafting with severe ischemic injury and clotting ab- 
normalities. These problems have frequently been re- 
ported by other investigators .9°9:!!~ '-15-16-20.22.30.32.85 Calne 
and his group,’ with a single passage of intermittent squint 
perfusion through the pig’s liver, were able to obtain long- 
term survivors after liver preservation for 12-17 hours. 

Elmslie and associates'' demonstrated that perfusion of 
the pig liver at 13-15C for several hours did not cause any 
deterioration in the ability of the rewarmed liver to excrete 
bromosulphalein. On the contrary, liver temperatures of 
13-22C appeared to enhance the ability to excrete 
bromosulphalein. Castillo-Olivares and colleagues’ found 
a protection of the mitochondrial respiration and the oxida- 
tive phosphorylation during hepatic preservation at 4C for 
three hours. Similar studies at 22C resulted in a severe 
impairment of the liver mitochondrial functions one hour 
after the beginning of preservation. The mechanism by 
which cold preservation protects mitochondrial respira- 
tion is based in the easy denaturation of mitochondrial 
enzymes due to temperature.’ However, 4C cooling did 
not prevent the mitochondria from becoming uncoupled 
after three hours of liver preservation. It is probably that 
after this time cold anoxia is the main factor in determin- 
ing mitochondrial deterioration. In our system, although 
the best results were observed in the dogs transplanted 
with livers perfused at 10-12C for 24 hours, there were 
not significant differences (p 0.08) in survival of dogs with 
transplanted livers that were perfused at 7C. Equally 
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good results were obtained in livers perfused under pul- 
satile perfusion for 24 hours. Dogs transplanted with 
livers perfused with only gravity flow for the same period - 
of time has a lower survival time with similar flow:rates. 
Marchioro and associates?! reported on the competition 
for nutritional substrates that occurs in the presence of two 
livers. They concluded that the allografted organ must 
receive its portal supply from the intestinal venous return. 
We observed similar results on livers perfused for 24 hours 
and then transplanted with splanchnic flow diverted to the 
auxiliary graft. However, van der Heyde and colleagues”**” 
have shown that liver grafts deprived of portal inflow do not 
necessarily atrophy if the host liver is subjected to a 
physiological disadvantage. These results have been con- 
firmed by Uchida and colleagues*® and Bengochea- 
Gonzalez and associates.* Wexler and his group** recently 
performed 70% hepatectomy and bile duct ligation of dogs 
that had auxiliary liver transplantation without portal vein 
anastomosis. Their results indicated that atrophy. of the 
grafted liver was consistently present only if the renal Vein 
to portal vein anastomosis was thrombosed; otherwise, the 
grafted organs maintained similar pre-operative, weights. 
Twenty-four hours of liver preservation cauSéd severe 
hepatic damage in the absence of a modified silica gel 
fraction which had high levels of potassium and glueose 
during perfusion. The addition of allopurinol and high 
doses of methylprednisolone to the perfusate allowed a 
complete protection of the perfused livers and all the trans- 
planted dogs survived for long periods of time. The use of 
nonpulsatile flow or temperature of 7C during perfusion 
did not efficiently protect the liver perfused for 24 hours. 
Only pulsatile flow through the celiac axis and gravity 
flow through the portal vein with a temperature of 10-12C 
determined long-term survivors of all recipient dogs. 
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Treatment of Intra-abdominal and Abdominal Wall 
Desmoid Tumors With Drugs That Affect the 
Metabolism of Cyclic 3’, 5’-Adenosine 


A female patient with Gardner’s syndrome was treated with \'- 
testololactone (200 mg daily) because of growth of a large desmoid 
tumor in the pelvis and lower abdomen and a tumor in a scar froma 
previous laparotomy. There was also pain and swelling of the left 
leg. An immediate effect of the drug therapy was complete relief of 
pain followed shortly thereafter by disappearance of the edema of 
the leg. After two months, the numerous sebaceous cysts were less 
prominent. The gross measurements of the diameter of the pelvic 
and lower abdominal tumor clearly demonstrated tumor shrinkage 
following therapy. Small polyps scattered over the rectal mucosa 
and numerous osteomata were not demonstrably affected. After one 
year of treatment with \'-testololactone, a laparotomy for partial 
small bowel obstruction was necessary. Obstruction was caused by 
the involvement of small bowel mesentery and the bowel itself in a 
contracted residuum of dense fibrous tissue. Substitution of 
theophylline and chlorothiazide for the testololactone in January 
1974 was followed by further diminution of the measurable abdomi- 
nal and pelvic desmoids. All of these compounds synergize the action 
of 3’, 5°—adenosine monophosphate and at least the latter two may 
function by inhibiting the action of 3°, 5°—adenosine monophos- 
phate diesterase. 


HE TREATMENT of patients with Gardner's syn- 

drome is unsatisfactory in many respects. Polyposis of 
the colon has usually been considered sufficient indication 
for subtotal or total colectomy to prevent development of 
carcinoma. On the other hand, polyps of the duodenum 
usually have been kept under observation or excised local- 
ly, and polyps of the small intestine have been similarly 
managed except when malignancy developed. Various pal- 
liative operations have been carried out for desmoid tumors 
in the abdominal cavity, retroperitoneal area or abdominal 
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wall but these lesions are often inoperable, amenable to 
only partial excision or capable of removal only with great 
risk of complication and mortality.'*~'***° Furthermore, 
local recurrence is common and outright fibrosarcoma de- 
velopment from tumors whose early growth patterns and 
histologic characteristics have appeared benign has been 
Feported ore ee Ree The biologic problems 
of desmoid tumor control are related to such non- 
neoplastic lesions as retroperitoneal fibrosis.” juvenile fi- 
bromatosis,*®° congenital generalized fibromatosis*™ and 
other poorly characterized pathologic conditions.*?°'* 

This report concerns the chemical treatment of intra- 
abdominal and abdominal wall desmoid tumors with A'- 
testololactone for one year and then attainment of further 
improvement over a six-month period when the patient was 
taking theophylline (Choledyl (R,.)) and chlorothiazide 
(Diuril (R,.)). These compounds are inhibitors of cyclic 
adenosine monophosphate (cAMP) phosphodiesterase 
(PDE). There is an extensive literature concerning the in 
vitro effects of cAMP on tumor cells.7:!8:20>22-24.80.39.40.42,51 
Growth of tumors can also be inhibited in vivo." 


Case Report 


C.G.H. No. 382891. A 23-year-old woman entered Colorado General 
Hospital April 11, 1971 with a diagnosis of familial Gardner's syndrome. 
She was known to have had colon polyps for nine vears since the time of the 
first examination of the colon. Admission was prompted by radio- 
graphically demonstrated rapid growth of polyps in the transverse colon, 
Other stigmata of Gardner's syndrome included a presumed desmoid 
tumor underlying and involving an old appendectomy scar in the right 
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TABLE 1. Measurements of pelvic tumor. These measurements are ap- 
proximate and represent the presentation of the tumor anteriorly. As the 
intra-abdominal tumor mass decreased in size, the abdominal wall mass 
became evident. This is believed to account for the changed general shape 
of the tumor and the apparent increase in the vertical dimension after six 
months. See case report for details. No sketch of the tumor was made in 
June 1973. A'-testololactone was administered in 1973. chlorothiazide and 
theophylline thereafter. 


lower quadrant, multiple sebaceous cysts and osteomata in the ribs, 
mandibles, calvarium and pelvis. Several subcutaneous desmoid tumors 
had previously been removed from the abdominal wall. There was a 
history of frequent migraine headaches and of duodenal ulcer demon- 
strated radiographically. The patient's mother, maternal grandmother, 
two uncles and an aunt had Gardner's syndrome. Only one uncle still 
survived at this time, the affected relatives having died of desmoid tumors 
and/or complication of the primary disease. Numerous laboratory tests on 
the patient were all normal except for the results of radiologic examination 
of bones and colon. On April 14, 1971 subtotal colectomy, splenectomy 
and partial resection of the diaphragm were carried out. The latter organs 
were removed because of the presence of a fibrotic mass overlying the 
upper pole of the spleen and involving the diaphragm, It was initially 
thought to be a malignancy. Bilateral tubal ligation was performed. The 
polyps in the colon were benign and the mass involving the spleen and 
diaphragm was made up of acellular fibrous tissue. The patient's con- 
valescence was complicated by left lower lobe streptococcal pneumonia 
and serous pleural effusion. The response to antibiotics was satisfactory 
and the patient experienced uneventful convalescence from that time on. 


In January 1973 the patient was hospitalized again for removal of enlarg- 
ing abdominal wall and pelvic desmoids. For several months she had had 
pain radiating down the left thigh posteriorly and medially, Inaddition, the 
left leg and foot became swollen when she remained upright to carry on her 
work as a beautician. There was a hard, fixed mass (15 x 7 cm) involving 
the lower abdominal wall and bony pelvis which was considered inopera- 
ble because of its size and fixation to surrounding structures. Previous 
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Date Transverse Vertical Protrusion beyond Silhouette descriptions of the desmoid tumor were meager with no recorded mea- 
* * — — to oppraximate scole surements. Osteomas in the mandibles, ribs and pelvic bones were again 
noted. A 2 x 3 cm firm tumor mass had grown in the center of the 
w 15.0 7.0 laparotomy scar. A few mucosal polyps in the remaining rectum were 
a noted. Because the desmoid tumor in the lower abdomen and pelvis was 
; i symptomatic and considered inoperable, the patient was started on A'- 
‘ testololactone (Teslac [R ]) in a dose of 50 mg four times daily by mouth. 
Morch 120 70 — The patient provided a clue for this approach when she related that the 
— humerous sebaceous cysts over her body, particularly on her scalp and 
face, had enlarged when she was taking birth control pills and receiving 
injections of provera for six months in. 1969 and 1970. They regressed 

somewhat when this medication was stopped, 
vo 95 65 40 The patient was re-evaluated in March 1973. She had no further pain in 
1973 the left thigh. Whereas she had been previously taking Darvon daily, she 
had taken only two tablets after hospitalization in January. There was no 
swelling of the foot and leg even though she customarily worked 12 hours a 
a{ je day. The tumor in the laparotomy incision had gradually disappeared, 
Sept. 9.0 i05 35 (, A leaving only a thickened area. The transverse diameter of the abdominal 
1973 eN r,t and pelvic desmoid, previously 15cm. was recorded as 12.0and 13.5cmby 
l twodifferent observers (Table |). The vertical measurement in the midline 
was found to be 7.0and 7.5 (previously 7.0). Twelve mucosal polyps in the 
rectum were fulgurated. The patient was discharged back to her home in 
Jon. 7.5 14.0 1.5 Wyoming with instruction to continue the A'-testololactone, 200 mg daily. 
— The patient was re-evaluated in June 1973. The desmoid was irregularly 
contracted. The transverse diameter was 9.5 cm and the vertical diameter 
was 6.5 cm. In contrast to the previous fixed status, the mass was now 
movable in all directions. About one month previously there had been a 
—* 65 6.5 1.0 24-hour episode of pain and tenderness in the tumor after which it became 


softer. Frequent nausea. occasional vomiting and increased frequency of 
loose stools occurred. possibly as side effects of the A'-testololactone. 
There wasa definite increase inacne but the sebaceous cysts and osteomas 
appeared unchanged. Extensive laboratory measurements including 17 
hydroxysteroids, |! oxysteroids, aldosterone and blood cortisol were all 
normal. Three minute polyps were visualized in the remaining rectal 
mucosa. 


There were short hospitalizations in September 1973 and January 1974 
for the purpose of evaluating the status of the tumor, rectal polyps, 
osteomas and sebaceous cysts. The large desmoid was smalleras shownin 
Table |. The tumor in the wound had completely disappeared. There were 
13 tiny polyps in the rectal mucosa in September 1973; five were found in 
January 1974 and four in June 1974. The osteomas had not changed. Acne 
on the face had healed remarkably. The numerous sebaceous cysts were 
the same except that three lesions had ruptured spontaneously several 
months previously and had not reformed, At the January 1974 admission 
the patient complained of attacks of abdominal pain and diarrhea. 
Radiologic examination of the gastrointestinal tract showed a partially 
obstructed and grossly dilated loop of mid-jejunum, On January 18 1974 a 
laparotomy was carried out to relieve this lesion. The observations during 
the operation were somewhat at a variance from the interpretations and 
measurements made from physical examination, In the first place, there 
were numerous patches of desmoid tumor formation throughout the ab- 
domen. particularly in the large bowel mesentery. The measurements 
shownin Table | for January 1973 were probably ofa pelvic desmoid tumor 
which had contracted to a small irregular mass no more than 2-3 cm in 
diameter in the mesentery of the terminal ileum. The bowel was adherent 
to and caught in this contracted remnant with conformation like the bows 
of a Christmas package ribbon. 

The tumor measurements of September 1973, January 1974 and June 
1974 were of a flattened mass of desmoid tumor in the abdominal wall and 
extending out from the incision to the extent indicated by the measure- 
ments, Itcould have been resected in January, but there would have beena 
large abdominal wall defect and the decision was made to rely on chemical 
control of this tumor along with the numerous other intra-abdominal 
tumors. A'-testololactone was discontinued because of menorrhagia and 
concomitant anemia. Theophylline (Choledyl (R,), 400 mg daily) and 
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hiorothiazide (Diuril (R,), 500 mg daily) were substituted for Al- 
»stololactone. This desmoid tumor continued to shrink as shown in Table 
. Acne cleared completely. The osteomataand sebaceous cysts remained 
nchanged. 


Discussion 

Biopsies taken from normal and tumorous regions in this 
vatient have been used to establish tissue cultures in which 
esponse to various drug administrations is under study. 
‘he fortuitous recognition of a significant feature in a 
emale Gardner's syndrome patient's history involving the 
dverse effects of birth control medication has led to what 
ppears to be a method of control of her desmoid tumors. 
“he patient noted the growth of sebaceous cysts while on 
hese drugs. Long after this episode and presumably stimu- 
ated by laparotomy and subtotal colectomy, previous 
juiescent desmoid tumors in the pelvis enlarged over the 
‘ourse of about one year to a point where they were consi- 
lered inoperable or at the very least requiring very exten- 
ive operation. The probability of growth of new tumors 
ollowing operation also served to contraindicate further 
urgery since a hard tumor mass was noted in the most 
ecent laparotomy incision. The situation was charged with 
‘motional apprehension stemming from long and fatal 
lInesses of the patient’s mother and a maternal uncle from 
lesmoid tumors. The former died of inanition after multiple 
mall bowel resections necessitated by necrosis of the 
owel as a retroperitoneal desmoid occluded arterial blood 
upply to the intestine. The uncle died of respiratory failure 
nd pulmonary infection secondary to encroachment of an 
‘normous desmoid tumor in the upper abdomen. The pa- 
ientand her husband, as wellas their doctors, were willing 
o pursue any alternative therapeutic lead, however slight 
ts chance of success. 

A second consideration was a scattered and long history 
of laboratory and experimental investigations of the etiol- 
gy of desmoid tumors indicating some endocrine abnor- 
nality and trauma as the outstanding etiologic fea- 
ures,®?327-29.42.34-36 Administration of testosterone has 
een recorded in two cases without success (Reference 4 in 
{untet al., 23 and 5). It has been shown that a high percen- 
age of the cases with desmoid tumor occur in adult females 
nd that the growth of tumors is sometimes stimulated by 
regnancy and parturition, although the condition can 
ccur in males, in children and usually without a demon- 
trable familial incidence. Assays of estrogen and 
‘onadotropins have been carried out, but the results have 
een inconclusive, perhaps because of the relatively 
rimitive methods of assay available at that time.” 
2xperimental production of fibrous tumors of the abdom- 
nal organs, the anterior abdominal wall and thorax in 
tuinea pigs with estrogen preparations has been studied 
n detail by Lipschütz and co-workers®**~** and 
thers .*2*45 In one study, inhibition of development of 
such tumors by progesterone and some closely related 
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compounds that interfere with the effect of estrogens was 
reported.?* Other rodents, however, were not suscepti- 
ble. 

The selection of a drug for trial in this case was an exten- 
sion of laboratory and clinical trials of A'-testololactone in: 
conjunction with $-fluorouracil for advanced malignancy. 
The combination of A'-testololactone and 5-fluorouracil 
proved partially effective in carcinoma of the pancreas," 
and the combination is known to induce remission in about 
50% of patients with disseminated carcinoma of the 
breast.'® A'-testololactone by itself causes remission in 
10-20% of patients with breast carcinoma.'**! Especially 
attractive features of this drug are lack of toxicity and 
absence of endocrine effects. The mechanism by which this 
drug affects cancer of the breast and how it potentiates the 
effect of 5-fluorouracil in carcinoma of the pancreas are not 
known. Various enzymes are affected’ and the suggestion 
has been made that interference with normal steroid 
metabolism by microsomal enzymes of the smooth endop- 
lasmic reticulum occurs.** Synergism with estrogen in in- 
hibiting tumor growth of a transplantable lactating mam- 
mary adenocarcinoma in Fischerrats has been reported. ' It 
is of some interest that one of the possibilities examined by 
Lipschutz and Grismali** many years ago in a study of 
natural and synthetic steroid inhibitors of estrogen- 
induced fibroma was that unsaturation in the A ring of 
steroids was a requisite for inhibition. These investigators 
were also impressed by the presence of substitution on the 
17 carbon which would, of course, not be fulfilled by A’- 
testololactone although the similarity to progesterone is 
otherwise close. 

More recent experiments have shown striking effects of 
dibutyryl 3'.5'-cyclic adenosine monophosphate and tes- 
tosterone in promoting differentiation of transformed cul- 
tured Chinese hamster ovarian cells to mature fibroblasts. 
In addition, A'-testololactone was tested with dibutyryl 
3'.5'-cyclic AMP and found to be even more effective than 
testosterone.*! 7" The chemical mechanism of this ef- 
fect on differentiation has not been further elucidated but a 
phenomenon of fundamental importance seems to have 
been uncovered. In parallel studies, reverse transforma- 
tion of cultured sarcoma cells on exposure to 3'.5'-cyclic 
AMP was shown by Johnson, Friedman and Pastan.** 

Recently. data have appeared concerning the effect ofa 
wide variety of drugs of different classes on cAMP phos- 
phodiesterase activity of rat brain and cat heart.” This 
survey revealed two facts believed important to under- 
standing of the effect of A'-testololactone on certain cells in 
which “‘reverse transformation” can be demonstrated.” In 
the first place, A'-testololactone by itself has some inhibit- 
ory effect on cAMP phosphodiesterase. Even more impor- 
tant is the finding that estradiol is a potent inhibitor of this 
enzyme. This seems particularly pertinent in view of ob- 
servations from this laboratory showing that in mouse 
hepatoma A!-testololactone impairs metabolism of es- 
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tradiol and causes accumulation of this administered com- 
pound in tumor cells.” 
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is usually indicated in the home treat- 
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Have patient insert section of ply- 
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mattress and box springs. 

The use of moist heat is 

often very beneficial. 
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relieve the discomforts associated 
with acute, painful musculoskeletal 
disorders. It is a well tolerated agent 
which can provide significant 

relief, usually without serious 
adverse reactions. 


sensitive to any of the ingredients. 


Warnings: 

Safe use of Robaxin has not been established with 
regard to possible adverse effects upon fetal 
development. Therefore, Robaxin should not be 
used in women who are or may become pregnant 
and particularly during early pregnancy unless in 
the judgment of the physician the potential 
benefits outweigh the possible hazards 


Precautions; 
Safety and effectiveness in children below the age 
of 12 years have not been established. 


It is not known whether this drug is secreted in 
human milk. As a general rule. nursing should not 
be undertaken while a patient is on a drug since 
many drugs are excreted in human milk. 


Methocarbamol may cause a color interference in 
certain screening tests for 5-hydroxyindoleacetic 
acid (5-HIAA) and vanilmandelic acid (VMA) 


Adverse Reactions: 

Lightheadedness. dizziness. drowsiness. nausea, 

allergic manifestations such as urticaria. pruritus. 

rash, conjunctivitis with nasal congestion. blurred 
vision, headache. fever. 


Dosage and Administration: 
Initial dosage. 2 tablets q.i.d.; maintenance 
dosage, 1 tablet q.4h. or 2 tablets t.i.d. 


Six grams a day are recommended for the first 48 
to 72 hours of treatment. (For severe conditions 8 
grams a day may be administered.) Thereafter. 

e dosage can usually be reduced to approx- 
imately 4 grams a day. 


Also Available: 
ROBAXIN® (methocarbamol) 500 mg. 


See package insert for full prescribing information. 


A.H. Robins Company, Richmond. Va. 23220 


A-H-ROBINS 








Effective performance in 
postsurgical and other serious 
susceptible hospital infections 





Bacteriologically controlled studies to D. pneumoniae, Group A beta- 
demonstrated efficacy in patients with: hemolytic streptococci, Klebsiella 

m Skin and soft-tissue infections due spp. or H. influenzae. 

to Staphylococcus aureus, including m Genitourinary tract infections due 


penicillin G-resistant staph, Group A to. coli, P. mirabilis, Klebsiella 
beta-hemolytic streptococci or E. coli. spp. or Staphylococcus aureus, 
m Respiratory tract infections due including penicillin G-resistant staph 








Low incidence of venous 
irritation on LN administration... 
well tolerated locally 


In controlled studies of volunteers and of 
patients receiving I.V. Cefadyl, the incidence of 
venous irritation was low. Controlled studies in 
normal adult volunteers revealed that Cefadyl 
was well tolerated intramuscularly. 

Cephalosporins are reported to produce 
maculopapular rash, urticaria, reactions re- 
sembling serum-sickness and anaphylaxis. 
Eosinophilia and drug fever have been observed 
to be associated with other allergic reactions. 
These reactions are most likely to occur in 
patients with a history of allergy, particularly 
to penicillin. 

In penicillin-allergie patients, cephalosporins 
should be used with great caution. There is 
clinical and laboratory evidence of partial CTOSS- 
allergenicity of the penicillins and the cephalo- 
SPpOrins, and there are instances of patients who 
have had reactions to both drugs fincluding fatal 
anaphylaxis after parenteral use). 
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Flexible Dosage: adjustable 
to fit severity of infection and 
renal status of patient: 


The usual adult dose of Cefady] is 0.5 Gm. to 

1 Gm. every 4 to 6 hours intramuscularly 

or intravenously. Doses up to 12 Gm. daily may 
be used in very serious or life-threatening 
infections. 


No nephrotoxicity reported 
during extensive clinical trials 


In fact, when Cefadyl was given to patients with 
marked reduction in renal function and to renal 
transplant patients, no adverse effects were 
reported. However, renal status of patients 
should be determined prior to and during Cefady! 
therapy, since in patients with impaired renal 
function, a reduced dose may be appropriate. 
Rises in BUN have been observed; their fre- 
quency increases in patients over 50 years old. 
(See Dosage, Adults—in Prescribing Informa- 
tion on last page.) 
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Effective performance in surgical and other serious 
susceptible hospital infections 


CEFADYL® (sterile cephapirin sodium) 7628 DIRO-O7 July 1974 
Description, Cefady! (sterile cephapirin sodium) is a cephalosporin antibiotic in- 
tended for. intramuscular and intravenous administration only. It is supplied as the 
sodium salt of 7-[@-(4-pyridylthio)-acetamido]-cephalosporanic acid. Each 500 mg. 
contains. 1.16 milliequivalents of sodium, 

Action$, Human Pharmacology—Following intramuscular administration of single 
§00-mg. and.1-Gm. doses to normal volunteers, average peak serum levels of 9.0 
anë 16.4 mcg./mi. respectively, were attained at 30 minutes, declining to 0.7 and 
Mid meg./ml, fespectively, at 4 hours and 0.2 and 0.3 mcg./ml. respectively, at 

ours, ‘ 

' Cefacyl.and its metabolites were excreted primarily by the kidneys. Antibiotic 
activity im the urine was equivalent to 35% of a 500-mg. dose 6 hours after I.M. 
injection, and to 65% of a 500-mg, dose 12 hours after injection. Following an I.M. 
dose of 500 mg., peak urine levels averaged 900 mcg,/ml. within the first 6 hours. 

Following rapid intravenous administration of single 0.5-Gm., 1-Gm., and 2-Gm. 
doses, peak serum levels of 35, 67, and 129 mcg./ml. respectively, were attained at 
5 minutes, declining to 6.7, 14.0, and 31.7 mcg./ml. respectively, at 30 minutes 
and 0.27, 0.61, and 1.11 mcg./ml. respectively, at 3 hours, 

Seventy percent of the administered dose was recovered in the urine within 6 
hours. Repetitive intravenous administration of 1-Gm. doses over 6-hour periods 
produced serum levels between 4.5 and 5.5 mcg./mi 
* 44.t0 50% of Cefadyl is bound to human serum, The average serum half-life of 
Cetadyl.jn patients with normal renal function is approximately 36 minutes. 

The major metabolite of cephapirin is desacety! cephapirin which has been 
shown fo*contribute to antibacterial activity. 

Contm@lled studies in normal adult volunteers revealed that Cefady! was well 
tolerated “intramuscularly. In controlled studies of vo unteers and of patients receiv- 
ing I.V. Cefadyl, the incidence of venous Irritation was low. 

Microbiology—in vitro tests demonstrate that the action of cephalosporins re- 
sults from inhibition of ceil-wall synthesis. Cefadyl is active against the following 
organisms in vitro: 

eta-hemolytic streptococci and other streptococci. (Many strains of entero- 
cocci, e.g., S. faecalis, are relatively resistant.) 

Staphylococci, including coagulase-positive, coagulase-negative, penicillinase, 
and non-penicillinase producing strains. Diplococcus pneumoniae, Haemophilus 
intluenzae, Proteus mirabilis, Escherichia coli, Klebsiella species. 

Most strains of enterobacter and indole-positive Proteus (P. vulgaris, P. mor- 

anii, P. rettgeri) are resistant to Cefadyl. Methicillin-resistant staphylococci, 
Serratia, Pseudomonas, Mima, and Herellea species are almost uniformly resistant 
to Cefadyl. 

Disc Susceptibility Tests—Quantitative methods thet require measurement of 
zone diameters give the most precise estimates of antibiotic susceptibility. One 
such procedure* has been recommended for use with discs for testing susceptibil- 
ity to cephalosporin class antibiotics, Interpretations correlate diameters of the 
disc test with MIC values for Cefadyl, With this procedure, a report from the labor- 
atory of “susceptible” indicates that the infecting organism is likely to respond to 
therapy. A report of “resistant” indicates that the infecting organism is not likely 
to respond to therapy. A report of “intermediate susceptibility” suggests that the 
organism would be susceptible if high dosage is used, or if the infection is con- 
fined to tissues and fluids (e.g., urine), in which high antibiotic levels are attained. 
indications. Cefadyi is indicated in the treatment of infections caused by suscepti- 
ble strains of the following microorganisms: 

Group A beta-hemolytic streptococci: Skin and soft tissue infections, Respiratory 
infections, 

(Injectable benzathine penicillin is considered to be the drug of choice in treat- 
ment and prevention of streptococcal infections, including the prophylaxis of 
rheumatic fever, Cefadyl is effective in the eradication of streptococci from the 
nasopharynx; however, data establishing the efficacy of Cefady! in the subsequent 
prevention of rheumatic fever are not available at present.) 

Staphylococcus aureus (penicillinase producing and non-penicillinase produc- 
ing): Skin and soft tissue infections. Urinary tract infections. 

iplococcus pneumoniae: Respiratory tract infections. 

Haemophilus intluenzae; Respiratory tract infections. 

Escherichia coli: Urinary tract infections, skin and soft tissue infections, and 
bacteremia. 

Klebsiella species: Urinary tract and respiratory tract infections. 

Proteus mirabilis: Urinary tract infections 

Note: Appropriate bacteriological studies should be performed to identify the 
Causative organism and determine its susceptibility. Therapy may be started while 
awaiting results of these studies. 

Contraindications. Cefady! (sterile cephapirin sodium) is contraindicated in pa- 
tients with known allergy to the cephalosporin group of antibiotics. 

Warnings. IN PENICILLIN-ALLERGIC PATIENTS, CEPHALOSPORINS SHOULD BE 
USED WITH GREAT CAUTION. THERE IS CLINICAL AND LABORATORY EVI- 
DENCE OF PARTIAL CROSS-ALLERGENICITY OF THE PENICILLINS AND THE 
CEPHALOSPORINS, AND THERE ARE INSTANCES OF PATIENTS WHO HAVE 
HAD REACTIONS TO BOTH DRUGS (INCLUDING FATAL ANAPHYLAXIS AFTER 
PARENTERAL USE). 

Any patient who has demonstrated some form of allergy, particularly to drugs, 
should receive antibiotics cautiously and then only when absolutely necessary. No 
exceptions should be made with regard to Cefadyl. 

SERIOUS ANAPHYLACTOID REACTIONS REQUIRE IMMEDIATE EMERGENCY 
TREATMENT WITH EPINEPHRINE. OXYGEN, INTRAVENOUS STEROIDS, ANY 
AIRWAY MANAGEMENT, INCLUDING INTUBATION, SHOULD ALSO BE ADMIN- 
ISTERED AS INDICATED. 

Usage in Pregnancy—Safety of this product for use during pregnancy has not 

been established. 
Precautions. The renal status of the patients should be determined prior to and 
during Cefadyl therapy, since in patients with imoaired renal function. a reduced 
dose may be appropriate (see Dosage, Adults). When Cetady! was given to patients 
with marked reduction in renal function and to renal transplant patients, no 
adverse effects were reported. 

Prolonged use of Cefady!l may result in the overgrowth of nonsusceptible organ- 
isms. Careful observation of the patient is essential. If superinfection occurs dur- 
ing therapy, appropriate measures should be taken, 

With high urine concentrations of cephapirin, false-positive glucose reactions 
may occur if Clinitest, Benedict's Solution, or Fehling's Solution are used. There- 
fore, it is recommended that glucose tests based on enzymatic glucose oxidase 

*Bauer, A. W., Kirby, W. M. M., Sherris, J. C., and Turck, M.: Antibiotic Testing by 
a Standardized Single Disc Method, Am. J. Clin. Pathol., 45:493, 1966. Standard- 
ized Disc Susceptibility Test, FEDERAL REGISTER 37:20527-29, 1972. 


reactions (such as Clinistix or Tes-Tape) be used. 

Adverse Reactions. Hypersensitivity—Cephalosporins were reported to produce the 
following reactions: maculopapular rash, urticaria, reactions resembling serum 
sickness, and anaphylaxis. Eosinophilia and drug fever have been observed to be 
associated with other allergic reactions, These reactions are most likely to occur 
in patients with a history of allergy, particularly to penicillin. 

Blood — During large scale clinical trials, rare instances of neutropenia, leuko- 
penia, anemia were reported. Some individuals, particularly those with azotemia, 
—* developed positive direct Coombs test during therapy with other cepha- 
osporins. 

Liver—Elevations in SGPT or SGOT, alkaline phosphatase, and bilirubin have 
been reported. 

Kidney—Rises in BUN have been observed: their frequency increases in pa- 
tients over 50 years old 
Dosage. Adu/!s—The usual dose is 500 mg. to 1 Gm. every 4 to 6 hours intramus- 
cularly or intravenously. The lower dose of 500 mg. is adequate for certain infec- 
trons, such as skin and soft tissue and most urinary tract infections. However, the 
higher dose is recommended for more serious infections. 

Very serious of life-threatening infections may require doses up to 12 Grams 
daily, The intravenous route is preferable when high doses are indicated, 

Depending upon the causative organism and the severity of infection, patients 
with reduced renal function (moderately severe oliguria or serum creatinine above 
5.0 mg./100 ml.) may be treated adequately with a lower dose, 7.5 to 15 mg./Kg. 
of cephapirin every 12 hours, Patients with severely reduced renal function and 
who are to be dialyzed should receive the same dose just prior to dialysis and 
every 12 hours thereafter. 

Children—The dosage is in accordance with age, weight, and severity of infec- 
tion. The recommended total daily dose is 40 to 80 mg./Kg. (20 to 40 mg./Ib.) 
administered in four equally divided doses. 

The drug has not been — studied in infants; therefore, in the treat- 
ment of children under the age of three months the relative benefit/risk should 
be considered. 

— in beta-hemolytic streptococcal infections should continue for at least 
10 days. 

Where indicated, surgical procedures should be performed in conjunction with 
antibiotic therapy. 

Administration. Cefady| may be administered by the intramuscular or the intra- 
venous routes. 

Intramuscular Injection—The 1-Gm. vial should be reconstituted with 2 mi. of 
Sterile Water for Injection, U.S.P. Each 1.2 mi. contains 500 mg. of cephapirin 
All injections should be deep in the muscle mass. 

Intravenous Injection—The intravenous route may be preferable for patients with 
bacteremia, septicemia, or other severe or life-threatening infections who may be 
poor risks because of lowered resistance resulting from such debilitating condi- 
tons as malnutrition, trauma, surgery, diabetes, heart failure, or malignancy, 
particularly if shock is present or impending. If patient has impaired renal func- 
ton, a reduced dose may be indicated (see Dosage, Adults). In conditions such 
as septicemia, 6 to 8 Gm. per day may be given intravenously for several days at 
the beginning of therapy; then, depending on the clinical response and laboratory 
findings, the dosage may gradually be reduced, 

When the infection has been refractory to previous forms of treatment and 
multiple sites have been involved, daily doses up to 12 Gm. have been used. 

For patients who are to receive cephapirin intravenously it is convenient to use 
the 1-Gm., 2-Gm.,, or the 4-Gm. vial (See Precautions). 

Intermittent Intravenous Injection—The contents of the 1-Gm. vial should be 
diluted with 10 ml. or more of diluent and administered slowly over a 3- to 5- 
minute period or may be given with intravenous infusions. 

The 2-Gm. vial should be diluted with Dextrose Injection, U.S.P. or Sodium 
Chloride Injection, U.S.P. When only 20 to 25 mi. are added, Sterile Water for 
Injection, U.S.P. may be used, The table below gives concentrations for various 
diluent volumes. 
Diluent Added (mi.) 

100 


Solution Concentration Grams per mi. 
0.020 


1 Gm. per 50 ml. . 
50 1 Gm. per 25 mi. 0.040 
20 1 Gm. per 10 ml. 0.100 
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Continuous Intravenous Infusion—After reconstitution, Cefadyl may be added to 
the solutions listed below under Stability. The choice of solution and volume 
should be dictated by the fluid and electrolyte management of the patient. 
Stability. Storage Stability: After reconstitution, it is stable for 12 hours at room 
temperature or 10 days under refrigeration when reconstituted with Sterile Water 
for Injection, U.S.P. The pH of the resultant solution ranges from 6.5 to 8.5 During 
these storage conditions, no precipitation occurs. A change in solution color dur- 
ing this storage time does not affect the potency. 
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Thirteen patients with bile duct cancer (excluding gallbladder) 
and associated chronic ulcerative colitis (CUC) were seen at the 
Mayo Clinic from 1935 through 1973. Most patients had initial 
symptoms of severe diarrhea and bleeding, followed by a pattern 
of mild-to-moderate disease with exacerbations and remissions. 
Three patients had especially severe symptoms and underwent 


total colectomy (1 patient) or proctocolectomy (2 patients) an av- 


erage of 15.7 years from onset of CUC symptoms. Anorexia, 
followed rapidly by the development of progressive jaundice (or 
a sudden deterioration when liver disease was already present), 
marked the onset of symptoms of bile duct cancer in the 13 pa- 
tients. The overall mean duration from onset of CUC to de- 
velopment of symptoms of bile duct cancer was 19 years. The 
patients in whom colitis was managed by proctocolectomy or 
total abdominal colectomy developed symptoms of bile duct 
cancer an average of 9.4 years after colectomy. When cancer 
was diagnosed, the tumor had spread beyond the bile ducts in 10 
patients. The tumors were difficult to identify and often infil- 
trated the hepatic hilus. The present series and review of the 
literature suggest that the relationship between CUC and bile 
duct cancer is more than a chance occurrence. The carcinoma 
has an onset approximately 3 decades earlier than does car- 
cinoma of the bile ducts without CUC. Surgical removal of the 
diseased colon and mode of medical management of the unresec- 
ted colon have no relationship to the subsequent development of 
carcinoma of the bile ducts; neither does the extent or severity of 
the colonic disease. The prognosis of carcinoma of the bile ducts 
unfortunately continues to be dismal. 


Heas DISEASE is one of the more reliably estab- 
lished extracolonic complications of ulcerative col- 
itis. Early reports*?ê of fatty liver or some form of cir- 
rhosis were followed by reports of lesions that varied 
from mild triaditis without cholestasis to severe triaditis 
with cholestasis and progressing, in some instances, to 
cirrhosis of the liver.”’! Severe chronic, fibrosing in- 
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flammation in the larger bile ducts within as well a as out” n 
side the liver, termed ‘“‘sclerosing cholangitis, 942.2933 has ` 


a well-known association with ulcerative ‘colitis:: The 
‘‘headed’’ appearance of the bile ducts in sclerosing 
cholangitis is also well known. Coincidental; but appa- 


rently unrelated, obstructive diseases of the biliary tree ` 


have been described in patients with ulcerative colitis: 


These include patients who have bile duct stricture with © 
and without gallstones*:**?® and choledocholithiasis. oes 

Since the report of primary carcinoma of the: biliaty. 
tract in a review of autopsy material of ulcerative -col- - 
itis,22 48 cases (excluding 3 cases previously reported 
from the Mayo Clinic) have been described with the‘rare - 
coexistence of these two diseases. 5i 810.11, 13, 
17—19,21,24~27,33,35 Careful review of the evidence on’ 
bile duct cancer and chronic ulcerative. colitis < 


supports a non-random association between the- two, dist; we 


eases.”*-4 Previous repotts from the Mayo Clinic?2-4 


have contributed cases to the literature in which there is D = 


an association of bile duct cancer with ulcerative colitis 

The present report seeks to present in detail the Mayo 
Clinic experience from 1935 to 1973. The 13 Mayo Clinic“: 
cases reported on herein bring to 61 the total number of 
cases found in the English literature. 


The Present Study 
Material 


This study concerns 13 patients with bile duct cancer J 
(excluding the gallbladder) and associated ulcerative cole. 


itis who were seen at the Mayo Clinic from 1935 to 1973, | 


inclusive (Tables 1, 2, and 3). Three of the patients were . . 
previously described (case 4°; cases 5 and 10).** All pa- | 
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Thane 1. Clinical and Survival Data on 13 Mayo Clinic Patients With Bile Duct Cancer Complicating Chronic Ulcerative Colitis (CUC) 





Se e 7 Onset of Onset of Onset of 
ae a Symptoms Age at Onset Symptoms to Bile Duct 
‘ ` Age at Onset of CUC to of Symptoms Diagnosis of Cancer 

— of Symptoms Diagnosis of Bile Duct Bile Duct Symptoms to 
v Case Sex of CUC (yr) of CUC (mo) Cancer (yr) Cancer (mo) Death (mo) 
O aget, M 22 ` 16.8 41 15 313. 
8 > Se M 23 97.9 32 4.4 7.0 
ers prams M 31 101.2 62 6.8 7.4 
e M 14 4.9 30 23.9 23.9 
-S M 7 14.7 23 6.4 12.9 
3 F 9 0 41 0.1 12.7 
r poi F 27 0 54 3 9.2 
28 M 9 0 32 5.5 7.0 
+ td M 21 36 37 1.6 42.1 
es d 0 M 17 6 34 1.7 73 
erat. F 18 0 33 7.8 47.5 
— M 36 84 43 4.5 8.3 
mee -. M 15 0 35 13.1 27.2 
Mean: 19 27.8 38 7.2 18.8 





A- ents: had ulcerative colitis that was firmly established 
“by: cottibinations of clinical, endoscopic, roentgeno- 
graphic; dnd ‘pathologic evidence. Histologic evidence of 
cancer of the bile ducts was also available. Twelve of 
the 13 patients underwent surgery, and carcinoma of the 


~~ 


bile ducts was demonstrated in 11. Of the remaining two 
patients, one had severe liver disease for 4 years and 
was never a suitable surgical candidate; severe cirrhosis 
and a large ductal type carcinoma were found at autop- 
sy. The other patient underwent surgical exploration, 


* TABLE 2. Ulcerative Colitis History of 13 Mayo Clinic Patients With Bile Duct Cancer and Associated Chronic Ulcerative Colitis (CUC) 








eRe 4 te Extracolonic 
elie, Nae Activity Manifestations 
Cages cs. Extent of CUC of CUC Treatment 
RAE a E : 
2.1 245+) Entire colon & rectum Moderate None Emetine 
fr h2 7. Entire colon & rectum Mild None Sulfa drugs 
Sete y2i:3 °° Entire colon Mild Arthritis, skin lesions Sulfa drugs 
st, 4° Entire colon & rectum Moderately Pyoderma gangrenosum, Vaccine, sulfa drugs, 
ee as ee — l severe iritis, hepatic portal blood transfusions 
triaditis 
7:3. Entire colon & rectum Moderate Pyoderma & other skin Blood transfusions & 
i ee lesions steroids when jaundice 
eee supervened 
_ =. > 6 -< Entire colon & term. Severe None Proctocolectomy 
fey YUE eum 
“te “Ts +. Entire colon, rectum, Severe Pyoderma gangrenosum, Proctocolectomy 
Were o & term: ileum history of jaundice | 
Rae ee gat a 15 yr before onset of 
VRP AS Sot bile duct cancer 
1, 8.7". Term, ileum & entire Moderate None Bismuth nitrate & 
ovt v colon blood transfusions 
9° . Term. ileum, entire Moderately None Total colectomy, ileo- 
colon, & rectum severe | rectostomy; rectal & 
term. ileal disease; ` 
~ managed with steroids 
7 postcolectomy 
10° - Splenic flexure & Mild None Sulfanylguanidine 
`.. transverse colon 
il Entire colon Moderate . None Steroids, sulfa drugs, 
. blood transfusions 
12 Entire colon & term. Mild Skin lesions Paregoric 
ieum ; 
13 Entire colon & rectum Very mild None Diet only 


CANCER OF THE BILE DUCTS 


TABLE 3. Pathologic Changes in 13 Mayo Clinic Patients With Bile Duct Cancer Complicating Chronic Ulcerative Colitis a E 








Cancer eg? TEA ee 
Metastases - = n 
Gross at First `. 
Type Character Location Diagnosis: 
Papillary adeno- Confined to duct Lower 4% common No’) 
carcinoma wall . bile duct ae 
Adenocarcinoma Nodular mass Upper 4 common Yes: : 
infiltrating bile duct oe 
liver hilus . JTRS 
Scirrhous adeno- Nodular extra- Confluence of rt Yes?“ 
carcinoma ductal mass and It hepatic ea 
bile ducts uo 
Ductal type, Nodular mass Hépatic ducts at Yes A 
adenocarcinoma infiltrating liver hilus E ogee 
| | liver hilus i l * 
Adenocarcinoma Infiltrating Confluence of rt Yes. 2.5, 
E ‘liver hilus and It hepatic — 
ducts ee 
Scirrhous adeno- Infiltrating Confluence of rt Yes iy 
‘carcinoma liver hilus and lt hepatic A 
| ducts > 
Adenocarcinoma Infiltrating Confluence of rt Yes: o 
liver. hilus and It hepatic ieda 
i ducts - J 
Papillary adeno- Infiltrating Rt intrahepatic “Yes is. 
carcinoma liver hilus bile duct Eee ae 
Papillary adeno- Confined to duct Middle 4% common - No: s, 
carcinoma wall bile duct oS ae 
Adenocarcinoma Infiltrating Common hepatic duct Yeg, 
2 liver hilus. a, ) — 
Scirrhous adeno- Infiltrating Confluence of rt Yes 
carcinoma liver hilus and It hepatic ae A 
| ducts `. Ce ae. 
12 2 Scirrhous adeno- Infiltrating Lower 4 common YES 
carcinoma liver hilus bile duct | — 
13 2 Adenocarcinoma Infiltrating Lt intrahepatic duct No >o, 
SITE LITERATURE mavo cunc Which revealed no mechanical cause of. biliary 4 tract 
l obstruction, but a carcinoma was found in- ‘the right ii in⸗ 
Rt hepatic 7 | ne 
trahepatic bile duct at autopsy. Ee — 
Left hepatic ee eS y z — 
es | 5 | Incidence | pce Si cts 
à Confluence 6 : 
l | R&L hepatic 6 From 1935 to 1973, inclusive, of the 32,300 autopsies, 
Upper 1/3 extrahepatic performed at the Mayo Clinic, 120 revealed bile’ duct - 
bile duct e | cancers, an incidence at autopsy of 0.37%. Two: of thes | 
patients with cancer of the bile ducts also had ulcerative. 
colitis, making the autopsy incidence of bile. duct: cancer: 
ae jii 6 | TABLE 4. Patients With Cancer oe the Bile Ducts Coniplicating Ulcera- 
tive Colitis (CUC) Who Had Previous Proctocolectomy ‘or Total Ab- 
dominal Colectomy 
J Ze : i 
4 . Lower I/3 extrahepatic Age at Duration from Colectomy > 
iY \ bile ducts excluding 4 3 Onset of Onset of CUC to toó Onset of Bile Duct 
i N) ampulla Case CUC (yr) Colectomy (yr) Cancer Symptoms (yr) 
Total patients 27 13 6 9 18.2 o M3 
7 27 18.1 9.0 
— 9 21 10.9 5 
Fic. 1. Anatomic location of tumor in 40 cases of chronic ulcerative Mean 19 15.7 94 


colitis associated with bile duct cancer. 
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Sg TASES: 5 :Review of Eight Patients With Liver Disease Secondary to Chronic Ulcerative Colitis (CUC) Prior to Development of Bile Duct Cancer 











eee Age at Onset 
E Ses Age at Age at Onset of Symptoms 
Se ee a Onset of of Liver of Bile Duct 
“Reference CUC (yr) Disease (yr) Cancer (yr) Hepatic Pathology 
Rode et al : 44 45 55 Pericholangitis 
| Rankin, etal. 46 46 52 Cholestasis 
Tore et al. = 30 30 41 Portal fibrosis and 
inflammation, 
hon RE peripheral cholestasis 
‘Han * 16 18 22 Cholangitis and biliary 
a cirrhosis 
“Moiowite e et al.!8 12 12 — Active progressive 
cirrhosis with biliary 
— and postnecrotic 
: TETEA features (colectomy 
— RT U, at age 28 yr) 
ROSH? and: Braasch 34 40 51 a 
: Rosseand Braasch” 30 30 46 Cholestasis; (7) 
arose —— biliary calculi 
F TR — (colectomy at age 
aii — a 34 yr) 
“Présent series 14 26 30 Portal triaditis 
' (cas 4)" 
28 30 42 





Boed d'with ulcerative colitis 0.0062% of all autopsy 
cases: OF. 1 67% of autopsy cases of bile duct cancer. 


- Ulcerative Cc olitis 


The. .mean age of our patients at anset of ulcerative 
colitis (Table: I) was 19 years, with a range of 7-36 years. 
‘The average duration, of symptoms to diagnosis of 
chronic ulcerative colitis was 27.8 months. The onset of 
ulcerative colitis in all 13 of our patients was marked by 
severe: diarrhea. In seven patients, the diarrhea was as- 
_ Sociated with severe hemorrhage requiring multiple 
blood: transfusions. Skin lesions were present in five pa- 
‘tients, -including three with pyoderma gangrenosum; one 
had - -iritis and one had joint manifestations. One patient 
“had: a perineal. fistula. No patients had abscess, colonic 
= obstruction, or toxic megacolon. 

© After initial severe symptoms, most patients de- 


we RAA ‘a pattern of mild-to-moderate disease with 
— Exacerbations and remissions (Table 2). One patient 
4 (case 4) had ulcerative colitis complicated by liver dis- 
7 — ease. Mild portal triaditis was present on liver biopsy 4 
— years preceding the onset of symptoms referable to bile 


duct cancer. An additional patient (case 7) had a history 


- - of post-transfusion jaundice, with apparent complete re- 
‘covery 15 years prior to the onset of symptoms of bile 
_ duct cancer. 


_ In 10 patients, the ulcerative colitis was managed by 
various regimens (Table 2) aimed at symptomatic relief 
and support. In three patients, proctocolectomy (cases 6 
and 7) or total colectomy (case 9) was done because of 
severe symptoms. In these patients, symptoms of ul- 


cerative colitis had been present for an average of 15.7 
years before colectomy was undertaken (Table 4). The 
one patient (case 9) in whom bowel continuity was rees- 
tablished by ileorectostomy after total abdominal colec- 
tomy continued to be symptomatic from recurrent ileal 
and rectal disease but responded satisfactorily to steroid 
therapy. 

In one patient (case 6), ulcerative colitis was compli- 
cated by colonic cancer, which was discovered in the 
resected specimen at proctocolectomy 14.3 years prior 
to the onset of symptoms of bile duct cancer. 


Bile Duct Cancer 


The mean age at onset of symptoms of bile duct 
cancer was 38 years with a range of 23-62 years (Table 
1). The average duration from onset of ulcerative colitis 
symptoms to onset of symptoms referable to bile duct 
cancer was 19 years. The patients (cases 6, 7, and 9) 
whose colitis was managed by proctocolectomy or total 
abdominal colectomy developed symptoms of bile duct 
cancer 14.3, 9, and 5 years, respectively, after the colon 
was removed. Mode of management of colitis did not 
seem to make any difference in the pattern of disease 
leading up to bile duct cancer. 

The onset of bile duct cancer was insidious in all 
cases. The most frequent presentation was fatigue, loss 
of weight, and anorexia; these were followed rapidly by 
the development of acholic stools, dark urine, pruritus, 
and progressive jaundice. Pain was a feature in 11 pa- 
tients. 

The most common findings on initial physical exami- 
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nation were icterus (12 patients) and hepatomegaly (10 
patients). 

Initial bilirubin determinations were made in 11 pa- 
tients. The direct bilirubin levels ranged from 0.7 to 19.1 
mg/dl, with a mean of 9.7 mg. Total bilirubin ranged 
from 1.3 to 28.5 mg/dl, averaging 13.0 mg. The serum 
alkaline phosphatase level measured in nine patients 
ranged from 148 to 991 units/liter and averaged 530 un- 
its. Six of the nine patients had presenting alkaline 
phosphatase levels that were higher than 400 units. 

Roentgenographic examination of the upper gastro- 
intestinal tract was obtained in eight cases and revealed 


unequivocal abnormalities in four. Transhepatic cholan-. 


giography was done prior to surgical exploration in four 
patients and was interpreted as showing obstruction or 
filling defects (or both) of the biliary tract in all four. 


Surgical Experience 


Five patients had undergone previous surgical explor- 
ations 4-8 months before coming to our clinic. These 
procedures included a positive exploration and diagnosis 
of cancer in one and negative explorations in four. 
Three of the five patients underwent cholecystectomy 
for presumed noncalculous gallbladder disease. 

In all, 12 patients underwent surgical exploration at 
our clinic, and a diagnosis of cancer was established in 
11. Ten of the 11 patients had the diagnosis of cancer 
established at exploration, and the surgical procedure 
was diagnostic or palliative only, because of the pres- 
ence of metastasis. | 

Palliative resection of tumor with a duct-enteric anas- 
tomosis over a stent was done in one patient, a bypass- 
ing duct-enteric anastomosis in one, a common duct 
exploration and T-tube decompression in three, and a 
common duct exploration with a stent through a malig- 
nant stricture in one. In four patients, the procedure 
consisted of biopsy of inoperable lesions. 

Only one patient (case 1) was considered suitable for 
curative resection. This patient had a small tumor con- 
fined entirely to the common bile duct in its distal third. 
The tumor was resected, and a common bile duct- 
duodenal anastomosis was performed. The patient was 
one of the longer survivors (31.3 months). 


Pathologic Features 


The gross pathologic features of ulcerative colitis 
found in these patients are summarized in Table 2. In all 
cases, strict attention was paid to differentiating the 
pathologic changes in these patients from those of 
granulomatous (Crohn’s) disease. 

The anatomic distribution, histologic types, and esti- 
mates of degree of anaplasia (Broders’ classification) 
were noted in all 13 patients (Fig. 1, Table 3). Histologi- 
cally, all patients had adenocarcinomas, and the scir- 
rhous and papillary types were the most frequent. 


CANCER OF THE BILE DUCTS 


At the first diagnosis of cancer, the tumor had: Sareal 
beyond the bile duct in 10 patients. Moreover: these’ 3 
tumors were difficult to identify, often infiltrating ‘the: 
hepatic hilus and extending into the intrahepatic. bile | 
duct branches. These factors restricted aggressive Sure 
cal intervention. 


Associated cholelithiasis was not present in. any of: the. 
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Other Therapeutic Measures and Survival 


In five patients (cases 6, 9, 11, 12, and 13), idjevint 
chemotherapy was administered. Two patients: (cases: 6. 


and 9) were also given high-dose radiation therapy; “One 


patient (case 2) received radiation therapy alone. 
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The length of survival, measured as the duration. ‘from’ 


onset of symptoms of bile duct cancer to death; revealed’ 
a range of 7.0-47!4 months, with a mean of 18, $ fhonths.. 


(Table 1). — 


The complications of biliary tract sean, gett AR 
ring in these patients were typical for: the‘:dis-* .- 


ease,1°793:34 Obstructive jaundice eventually developed Le 


in all 13 patients and was associated with hepatomegaly 


in 12 and full-blown hepatic decompensation and coma: | 


in 4. Ascites was present in three of the patiénts. One. - pa- 
tient died of esophageal variceal bleeding: “Cholangitis 
was a complication in 11 and was associated with, bac- 
teremia in 7 of the 11 patients. Metastases were. most 
common to the liver (9 patients) and — lymph : 
nodes (9 patients). 
The more common terminal event folléwed: a Shares. 
teristic pattern: hepatic failure, sepsis, “shock; ‘renal 
shutdown, and death. 


Discussion E 
The incidence of cancer of the bile ducts at — 


has been reported as 0.26%'® to 0.54%,*. whereas: thë 31+ 
operative incidence has been reported’ as 0,5%** ito +5; 
1.4%" of all operations on the biliary tree. Keogh, ine. 
1964, estimated that, in the Australian state of Victoria; oe 
bile duct tumors have an annual incidence in the popul- — 


ays 4 
as 


tion of 0.8 per 100,000 (0.0008%). 


The incidence of bile duct cancer in patients. with aer oe 


cerative colitis has been estimated at between 0.4%® and. =>} 
1.4%. These comparatively alarmingly high occurrence.. 47 


rates emphasize an association between the two dis č 
‘eases. Of 48 cases in the literature, 33 were detailed *- 
enough to permit general statements. Sex was specified +: 
in 26 cases: 18 males and 8 females. Age at onset of 


ulcerative colitis ranged between 774 and 54 years,” 
with a mean of 25 years and a standard deviation of 12 


years in the 28 cases in which the age at onset of ulcera- ` 


tive colitis was specified. 


Most patients had severe disease initially manifested . 


by bloody diarrhea and abdominal pain. Five 
patients'*?!2" had joint, eye, and skin stigmata of ulcera- 


308 - S 
“tive colitis. At onset of bile duct cancer symptoms. most 
of the’ patients had only mild-to-moderate intermittent 
-éxacerbations of their bowel disease. One patient had 
no symptoms of colitis and had been completely fee of 
‘symptoms during the preceding 9 years. 

- Séven patients”11-18-2427.33 had proved preexisting liver 
disease; ‘presumably secondary to ulcerative colitis. 
Liver, disease of varying severity had been present from 
| Air to 16 years,” with a mean of 8.9 years (Table 5L One 
spatient* also had carcinoma of the colon. 

i Ti most of the patients, the colonic disease was man- 
aged. medically. Treatment consisted generally of blood 
transfusions, sulfonamide drugs, and steroid prepara- 
tions: In 19 reported cases,®!01821-24-27 colectomy or 
proctocolectomy was performed for definitive man- 
“agement. of ulcerative colitis. All of these patiens had 

. severe symptoms or complications (or both) of ulcerative 

: colitis. The most common complications were h=mor- 

i “rhage, uncontrolled diarrhea, and malnutrition. Colec- 

„tomy was done in one case! as a last resort to halt 

z J progressive liver disease and in another case?’ because of 

i spontaneous colonic perforations. 

The onset of bile duct cancer was, in the great major- 
ity of cases, clearly delineated by a dramatic change in 
the: ‘clinical: course. The most common early man-festa- 
tions ‘were®. malaise, anorexia, fever, and right apper 

quadrant. and epigastric pain. Subsequently, jaundice 
developed-i in all- reported patients. 

The age at onset of symptoms of bile duct cancer in 24 

. patients ranged from 20” to 73? years, with a mean of 

: 40 years and standard deviation of 13 years. Bile duct 

_ cancer occurred not only in patients treated medcally 

for ulcerative colitis but also many years after zolec- 
tomy or proctocolectomy. 

In 16 patients whose chronic ulcerative coliti: was 
managed medically, the mean age at onset of symptoms 

: of. ulcerative colitis was 29 years (range of 14-46 years 

— and standard deviation of 10 years). Fourteen of tne 16 

developed symptoms referable to bile duct cance at a 


or TABLE 6. Time of Surgery in Relation to Subsequent Cancer Deelop- 
KA ment in Patients With Chronic Ulcerative Colitis (CUC) and Bile Duct 





Cancer 
ie : Mean Interval, yr 
Ge Ee Mean age 
— No.of at Onset CUC to Colectomy to Bile 
. >. Series’ opts CUC, yr Colectomy Duct Cance: 
l Previous 
__ + Reports 10* 22 10 8 
Mayo ~ 
*: Clinic 3 19 16 9 
Overall 13 21 11 8 
(Range) (7-54) (2-22) (1-20) 


*Froma group of 19 patients in whom CUC was managed by remc val of 
diseased colon; complete data were not available on 9 of the 19 patents. 
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mean age of 41 years, with a range of 22 to 53 years and 
a standard deviation of 9 years. 

In 10 patients undergoing colectomy (Table 6), the 
average age at colectomy was 32 years (range of 18-66 
years and standard deviation of 13 years). In these 10 
patients ,°'°-24-26-27 symptoms referable to cancer of the 
bile ducts developed at a mean age of 40 years (range 
20-73 years and standard deviation of 17 years). 

Clinical examination was not helpful in the diagnosis. 
Although it was common to attribute the icterus to liver 
disease of ulcerative colitis, most of the patients were 
extremely ul. Stauffer? has commented that these pa- 
tients are generally more gravely ill than is the average 
patient with liver diseasé of ulcerative colitis. 

Of 24 reported patients who eventually underwent 
exploratory laparotomy, 17 had positive diagnosis of 
cancer made at exploration. Thirteen patients (76.5% of 
those in whom cancer was found) already had metas- 
tasis at the initial diagnosis. In four patients, no cause 
was found at exploration for obstructive jaundice, and in 
the remaining three patients, strictures involving the 
proximal bile ducts were found but were thought to be 
benign. 

For more than 25% of the patients, the diagnosis of 
cancer of the bile ducts was not made during life. 

The average survival time from onset of symptoms to 
death from bile duct cancer and its complications was 11 
months (range of 1.5-54 months and median 6.0 
months). Only one patient!” was considered to be a suit- 
able candidate for curative resection; pan- 
creatoduodenectomy was performed for a common bile 
duct lesion, and the patient survived 48 months. 
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Primary peritonitis, rarely diagnosed preoperatively, i£ an un- 
‘Eommon. disease accounting for 2.1% of all pediatric abdominal 
Amergoencies. It is often associated with urinary or hepatic 
'. pathology, the former the source of the infecting organisn in the 
"_mpalerity of cases, and presents with characteristic — 


E 


E — ‘are Aiustrated * comparing this disease to those entities 


“with: ‘Which, iti 4S most often confused, e.g. diffuse perifnitis of 
other: ‘etiologies, and include a short duration of symptoms, as- 
sociated. ‘urinary: tract infection and an absence of fræ air on 
abdominal. Foentgenograms. In the past, gram pos-tive or- 
- ganisms wére the most common infecting agent; howeve-, in this 
_ Series grain. ‘hegative bacteria accounted for 69% of the or- 
-ganismis,. “Antibiotics with a gram negative spectrim and 
exploratory laparotomy with appendectomy are the hallmarks of 
therapy, the latter replaced by abdominal tap only in tle patient 
who satisfies the criteria for primary peritonitis and in -yhom an 


—— os makes the risk of surgery prohibitive. 


we 


Ss RIMARY: PERITONITIS, a diffuse peritoneal infection 

"; Without : an apparent intra-abdominal sourc<, is an 
“ungémmon: disease, infrequently considered in the 
~ differential diagnosis of peritoneal sepsis anc rarely 
— preoperatively. In the early part of tais cen- 
Aury it comprised approximately 10% of all pediatric ab- 
dominal emergencies,” however, recently incidences of 
AJess than 1—2% have been reported.** The cases of 
“primary peritonitis seen at our institutions in he past 
. ten years indicate that significant changes have >ccured 
“in this disease both clinically and bacteriologically and 
that, a correct preoperative or premortem diagnosis can 
bë made if specific clinical and laboratory finäđngs are 
careftully evaluated. Since difficulties in distingUishing it 
fom other:acute abdominal emergencies invarfbly oc- 


‘ s all patients admitted with peritoneal sepsis were in- 
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cluded in the study to illustrate those findings which are 
diagnostic for primary peritonitis. 


Material 


A review of 84,352 pediatric admissions to two large 
metropolitan hospitals for the past ten years revealed 26 
patients with primary peritonitis and 157 patients with 
diffuse peritoneal sepsis of other etiologies (Table 1). All 
diagnoses were confirmed either by autopsy, explora- 
‘tory laparotomy or abdominal tap. Excluded from the 
study were cases in which peritonitis was a result of a 
previous operative procedure or trauma. 

The patients are divided into two groups according to 
age: the first two years of life or infancy and 2—14 years 
of age or childhood. There were 34 cases of peritoneal 
sepsis in infancy, six of whom had primary peritonitis 
and 149 cases of peritonitis in childhood, twenty of 
whom had the primary variety. 


Clinical and Laboratory Findings 


Primary peritonitis accounts for 2.1% of all pediatric 
abdominal emergencies admitted to our hospitals; how- 
ever, if only those patients with diffuse peritonitis are 
considered the incidence is 17.6% in infancy and 13.4% 
in childhood. The sex and age distribution of all forms of 
pediatric peritonitis are illustrated in Fig. 1. Primary 
peritonitis in infancy occurred in the first two months of 
life with females predominating 2:1; however, in child- 
hood a peak incidence from 5 to 9 years with an average 
of 8.4 years and a sex ratio of 1.2 females to 1 male 
occurred. Peritonitis of other etiologies in infancy gen- 
erally occurred in the first five days of life with a sex 
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Etiology of Peritonitis in Infants and Children 
(183 patients) 


Infants 


TABLE 1. 


Primary Disease Children 


Primary Peritonitis 6 20 
Spontaneous Enteric Perforation 

Stomach 10 

Duodenum (ulcer) 1 

Jejunum 3 

Tleum 7 

Sigmoid 2 
Meconium Peritonitis i 
Pancreatitis with Ruptured Pseudocyst l 
Subhepatic Abscess i 
Infected Omphalomesenteric Cyst l 
Pelvic Inflammatory Disease 

with Diffuse Peritonitis 4 
Ruptured Appendix 2 123 


Total 34 149 


distribution of 1.2 females: 1 male; whereas, in child- 
hood the peak incidence occurred from 7 to 10 years 
with an average age of 8.5 years and a sex ratio of 1:1.4, 
females: males. 

The signs of primary peritonitis in infancy developed 
over a one to two day period and began with the man- 
ifestations of sepsis, i.e. poor feeding, lethargy, fall in 
temperature and reduced platelet count and culminated 
in a distended abdomen which felt doughy to palpation. 
In three of the six patients, peritonitis was preceded by 
an extensive pneumonia before signs of sepsis became 
apparent. Peritonitis of other etiologies in the first two 





PRIMARY PERITONITIS 


PRIMARY PERITONITIS 
Children 


ae 


years of life generally presented as a catastrephic: vent.. 
evolving over a period of hours. These patients. gener ¢ x 
ally presented with one or all of the following: lethargy: - 
or irritability, apnea, no evidence of prior infection, abe. 
dominal rigidity and/or abdominal distention. ~.: = 


The clinical presentation in children differed front. that’ — 


observed in infants. The symptoms of abdominal. — 
nausea, vomiting and diarrhea and the E òf diffise: 
rebound tenderness and diffuse tenderness on, "rectal: 
examination occurred with equal frequency in both par- 
tients with primary peritonitis and those witt: peritonitis. : 
of other etiologies. The time from the onset ‘of y 
symptoms to the presentation of abdominal findings was. 
21.5 hours with a span of 6-60 hours for patients. with” 


primary peritonitis and differed significantly from 8 ter OE 


days (median of 3 days) with a range of 12 hours to 90: 
days for peritonitis of other causes (p<.02). If patients”. 
with cirrhosis and nephrosis in whom the development. . 


of primary peritonitis often ts insidious! are excluded, by : 
the abdominal findings described occurred i in — 8 hours: A i 


with a range of 6-24 hours. Ea PRR — 
There was no significant difference in temperate be! 
tween those with primary peritonitis and these: With: dif- 
fuse peritonitis of other etiologies in either infaney: (both 
groups averaged 36 C) or childhood (38.4: ‘anid’ 3825 re- 
spectively). White blood count was also not Significantly 


different in the two groups. In infancy patients with . 
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-TABER 2:° Pathogens Isolated from Peritoneal Cultures in Fatients 


. 
n Nn 


with — Peritonitis (26 pts) and in those with Peritonitis of Other 








a Etiologies (157 pts) 

- — ae v, Primary Peritoniðs of 
Pathogen.. : Peritonitis Other Eticlogies 
E. coli; ` 11 96 
Psevidomidnas . 2 15 
Aerobaciér aerogenes l 19 
Klebsiella: 1 5 
Paracdion ~ 1 1 

i Proteus * i 1 

-, Bacteroides 2 

“ Neişṣseria 4 

Total Gram Negative Cultures 17 143 
eee 

pi St¥eptococcus 5 23 
‘Pheumococcus 4 3 
Staphlococcus 5 
ie ca l 
Diptheroids 1 
Total Gram Positive Cultures 9 33 
‘No growth | es 12 


` Nọ ‘culture 2 8 





primary: peritonitis had an average WBC of 7.2 vith a 
range of 5 .5—10.5 compared to an average of 10.5 with a 
range. ‘off 4.7-30.0 for peritonitis of other etiologies. In 
childhood. patients with primary peritonitis had an aver- 
age-WBC of 16.2 (3.8-29.0) vs. 17.5 (1.2-45.© for 
perifonitis of other causes. In infancy there was m dif- 


‘ference:in urine analysis between the two groups; how- 


ever, in childhood 10% of the patients with primary 
peritonitis had acetone and 78% had 5 or more W3C’s/ 
hpf whereas 50% of those with peritonitis of >ther 
etiologies had acetone and 40% had 5 or more W3C’s/ 
hpf (p<.01). 

. Abdominal roentgenograms showed a nonspecific pat- 
tern with an occasional air filled loop of small bowel in 


; patients with primary peritonitis in both infancy and 


= > childhood.. ‘In‘infants with peritonitis of other etiobgies 
= abdominal. X-rays were most helpful since 21 of 22 pa- 
— : tients: with enteric perforations demonstrated free air 
oo and. one patient with meconium peritonitis showec cal- 
—J cifications. In childhood appendicoliths occurred im 13% 
- sofi Patients. with ruptured appendicies and free air was 
2" seen in one case of perforated duodenal ulcer anc one 

= patient with a perforated appendix. There were 6 Df 28 


_, patients in infancy and 139 of 157 patients in childhood 


7 with diffuse peritonitis whose abdominal roentgenograms 
were indistinguishable from patients with primary 


| _ peritonitis. 


` The etiology of diseases causing diffuse peritoni is in 
this series are illustrated in Table 1. The diagnoss of 
primary peritonitis was made by autopsy in six, abjiom- 
inal tap in three (all patients with primary peritoniti: and 
either chirrhosis or nephrosis), and in the remainder by 
exploratory laparotomy. 

The organisms responsible for peritoneal sepsis are il- 
lustrated in Table 2 and demonstrate that gram negative 
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pathogens occur most frequently with E. coli the 
most common offending organism. Associated infections 
in infants with primary peritonitis were common: three 
of six patients had extensive pneumonias, whereas only 
one of 28 patients with peritonitis of other etiologies had 
an associated infection (urinary tract). In childhood two 
of twenty patients with primary peritonitis had upper re- 
spiratory tract infections, one of whom grew the same 
Organism in the sputum as cultured from the 
peritoneum; ten patients had urinary tract infections, 
nine of whom grew the same organisms from their 
peritoneum as isolated from the urine; and two had a 
vaginal discharge both of which cultured the same or- 
ganism isolated from the peritoneum. In patients with 
peritonitis of other etiologies, 2 of 157 had upper re- 
spiratory infections, one of whom had the identical or- 
ganism cultured from the sputum and appendiceal stump 
and one had a urinary tract infection in which the urine 
culture grew the same organism as isolated from the 
peritoneum. 

Table 3 shows that the nephrotic syndrome, post nec- 
rotic cirrhosis and urinary tract infections are frequently 
found in the pediatric patient with primary peritonitis. 
Urinary pathology occurs in 58% of these patients and 
accounts for 71% of the associated diseases. | 

Three patients with primary peritonitis in infancy died 
giving a mortality of 50%. The other three patients sur- 
vived without any significant complications. A 39% 
mortality was found for infants with peritonitis of other 
etiologies and compares favorably to that reported by 
others. Complications which occurred in the survivors 
in this group included one case of disseminated in- 
travascular coagulopathy, one subhepatic abscess and 
one prolonged ileus. In children with primary peritonitis 
three of twenty died for a mortality of 15%. Complica- 
tions of those surviving included three cases of post- 
operative pneumonia and one pleural effusion. There 
was one death in 157 patients with peritonitis of other 
causes. Complications of the survivors included four 
subphrenic abscesses, three pelvic abscesses, three 
major wound abscesses, two postoperative pneumonias, 
one pelvic cellulitis and one bowel obstruction. All pa- 
tients explored had appendectomies and eight of this. 
group had their peritoneal cavity drained. There was-no 
difference in mortality between those patients who had 
drains placed and those who did not. 


TABLE 3. Associated Disease in Infants and Children with Primary 


Peritonitis 

Associated Disease Infants Children 
Nephrotic Syndrome 4 
Post necrotic cirrhosis 3 
Hydronephrosis 1 
Urinary Tract Infection 10 
Hyaline Membrane Disease ‘4 

Cystic Fibrosis 1 
Adrenogenital Syndrome 1 
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Discussion tococcus was the most prevalent organism. In this’ series.” 


ie eae, i E. coli accounts for 42% of the pathogens with z gram: 
Primary peritonitis is an uncommon disease account- 


_ing for 2.1% of patients presenting with an acute abdom- agents (Table 2). 
inal emergency. If it is to be placed in proper perspec- 
tive, however, it must be compared to those entities in 
which a similar pathologic process occurs, i. e. diffuse 
peritoneal sepsis, and hence those diseases from which 
it is most difficult to differentiate. In this setting the in- 
cidence rises to 17.6% in the infant and 13.4% in the 
child. 

The correct preoperative diagnosis can be made with 


The origin of the infecting organism has TA a Pois 
of major controversy. Four sources are generally ated: . 
1) blood; 2) genital; 3) transdiaphragmatic lymphétics; 
and 4) transmural migration through the gut wall:#>° ly 
this study 15 patients or 58% of those with primary. 
peritonitis had urinary tract disease. Since the sam2 or- 
ganism isolated from the peritoneum was also iso ated | 
: from the urine in 9 of these patients, three of whom: had — 
reasonable ——— by porn several diagnostic fea- the same organism cultured two to four months prir-to -.... 
— Primary peritonitis in infants develops over a one the development of peritonitis, the urinary tract must be. | 
to two day period, is usually preceded by an overwhelm- considered a likely source suggesting that an intimate: 7 
ing infection and demonstrates non specific findings on relationship exists between it and the peritoneal. ‘cavity. 
abdominal roentgenograms. Peritonitis of other Regardless of the primary etiology of the infecting or- 
etiologies in infants has a rapid onset which occurs in ganism, it is evident that urinary pathology often: pre- 
period of hours and is not preceded by infection. Ab- cedes or accompanies primary peritonitis and that ae 


: dominal o are helpful in the latter group since free Smear of spun urine may be helpful in suggesting -the # 
air or calcifications are almost always observed. Tem- correct diagnosis and proper choice of antibiotic 
perature, white blood count, urine analysis and physical 4, erapy. 


examination are usually not helpful in distinguishing be- Placed in proper perspective, primary Sefitonitige con- 


tween the diseases 
i ; : , ; stitutes a significant proportion of cases of ditfuse 
In the child who presents with abdominal findings of peritonitis — should eee entertained ‘in the 
diffuse peritonitis occurring in less than 24 hours from child with generalized peritoneal signs developing:in less 
the onset of symptoms without a mass or free air on than 24 hours, non specific roentgenograms, and £ his- 
abdominal roentgenograms and who gives a history of tory of current or remote urinary tract infection. Stecka 
nephrosis, post necrotic cirrhosis or urinary tract infec- patient should have sputum, urine and rectal cultures as 
tion or demonstrates bacteriuria, pyuria and a urine free 41 as microscopic examination of stained -urine-and 
of a SRONA DE highly suspect Ol prunary sputum specimens before antibiotics are administered. 
peritonitis. Temperature and white blood count, although A rational choice as to the appropriate antibiotic may 
reported to be most helpful!" were not significantly then be made and following establishment of tlood. 
different in the two groups. There was a slight predilec- levels, exploration, gram stain of the peritoneal pu, ap 
~tion for the female in primary peritonitis whereas | ndectomy and peritoneal lavage should be peforñed. 
peritonitis of other etiologies favored the male; however, We prefer not to drain the abdominal cavity since it 
however, neither the sex ratio or age incidence were has Jittle advantage with the disadvantage of increasing 


diagnostic. hould be reserved: onl 7- for | a 
The significance of the duration of symptoms in a pa- morbidity. Abdominal tap shou K - T 
seriously ill patients who are poor risks because O=.Cir- 


seen enna te werd eer a rhosis or nephrosis and in whom the diagnostic findings — 
which we have elaborated are satisfied. — 


mary peritonitis had symptoms for less than 24 hours 
whereas only 2 of 157 patients with peritonitis of other 


causes presented in a similar period of time. Acetone, References l i 
an indication of the period of starvation, occurs in 10% 1, Epstein, M., Calia, F. M. and Gabuzda, G. J.: ERE 
of patients with primary peritonitis and 50% of those Peritonitis in Patients with Postnecrotic Cirrhosis. N. Engl. J. 
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» Thirty-four: ‘patients with abdominal pain, tenderness, and 
hypéramylasemia suggesting acute pancreatitis were studEd pros- 
. pectively to elucidate the relationship between peptic ulcer disease 


and pancreatitis. Confirming evidence of pancreatitis andor ulcer 


was obtained either at laparotomy or by upper gastroirtestinal 
: Foentgenograms.. The presence or absence of pancreatitis was sub- 
Stantiated. by measurement of the amylase/creatinine cEarance 
: ratio, whichis significantly higher (p < 0.001) in patients w-th acute 
pancreatitis G. 3 + 0.9), than in patients without pancreatits (3.1 + 
. 0.2). Nine of the 34 patients were found to have gastric or daodenal 
ulcers. However, seven of the nine, despite an elevatec serum 
:amylase,: had no sign of pancreatitis at surgery, on rad ological 


l — “examination, or by elevation of the amylase/creatinine carance 


*. ratio (3.1 +.0.4). It is suggested that hyperamylasemia asociated 


_ with peptic: ulcer disease is most often not indicative of acate pan- 
* sereatitis. and. that treatment is most appropriately directed at the 
n 


Sn, — 


EPTIC ULCER DISEASE has been accepted as one 
: of the etiologic causes of acute pancreatitis.* Tke diag- 
Nosis of pancreatitis in such patients rests in parton the 
' presenting clinical features, but is most influenced_by ele- 
“vations of serum amylase and lipase. *™>" These dices, 

” however, are not specific for pancreatitis,’*> end the 
symptoms and signs of acute pancreatitis may be icentical 


'. with those of a penetrating ulcer. 
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The renal clearance of amylase, expressed as a percen- 
tage of creatinine clearance (the amylase/creatinine clear- 
ance ratio), rises in acute pancreatitis! and appears to be 
specific for that disease.'* Using the amylase/creatinine 
clearance ratio, we have studied a group of patients with 
upper abdominal pain and hyperamylasemia, thought ini- 
tially to be due to pancreatitis, who were found to have 
underlying ulcer disease. Ourfindings suggest that much of 
what is called pancreatitis secondary to an ulcer is not 
pancreatitis at all. 


Material and Methods 


The 34 patients in this study were selected from a 
9-month prospective study of pancreatitis at the Mas- 
sachusetts General Hospital. All patients had abdominal 
pain, tenderness, and an elevated amylase’ consistent 
with acute pancreatitis. The admitting diagnosis in each 
case was pancreatitis. The diagnosis of peptic ulcer disease 
was later made in nine by upper gastrointestinal barium 
studies performed within one week of admission. To 
evaluate the presence or absence of genuine pancreatitis, 
the findings at surgery within ten days of admission, the 
clinical course, and the radiographic picture were com- 
pared with the amylase/creatinine clearance ratio, deter- 
mined by a modification’* of the method of Levitt, 
Rapoport and Cooperband.” 
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[urine amylase] — 
x urine volume per unit time 


Amylase clearance (%) J 


Creatinine clearance 


[serum creatinine ] 


Since the factors of urine volume and collection time cancel 
out of the equation, the clearance ratio, expressed as a 
percentage, can be calculated simply from the concentra- 
tions of amylase and creatinine in serum and urine samples 
obtained simultaneously. 

Analyses of statistical significance utilized the standard 
error of the mean, standard deviation, and Student’s t 
test.° 

Results 


By the use of clinical criteria (hospital course, evidence 
of pancreatitis or ulcer on upper GI series, and findings at 
surgery) the 34 patients were tentatively separated into 
three groups. 

Group I. (25 patients): These patients had a protracted 
course of illness consistent with acute pancreatitis as well 
as evidence of pancreatitis either on upper GI series or at 
surgery. None were found to have a peptic ulcer. Their 
pancreatitis was associated with common duct stones 
(13), alcoholism (8), and hyperlipemia (4). 

Group II. (seven patients): Although pancreatitis was the 
initial diagnosis in these patients, largely because of a high 
serum amylase and epigastric tenderness, all had rapid 
resolution of pain and did not have other evidence of pan- 
creatic inflammation (fever, leucocytosis, hypovolemia). 
The diagnosis of peptic ulcer disease (duodenal—four, 


TABLE 1. Laboratory Values in the Three Groups 


Normals Group I Group H Group III 
(n = 46) (n = 25) (n = 7) (n = 2) 
Serum 
amylase 4-25 223 265 1,205 
Russell 
Units/ml (+ 41) (+135) 
Urinary 
amylase < 100 1,287 1,379 1,350 
Russell 
Units/ml (+ 265) (+ 892) 
Serum 
lipase < 2 units/ml 5.7 3.9 6.5 
(+ 0.5) (+ 2.0) 
Amylase/ 
creatinine 
clearance 3.1 (+ 0.2) 9.3* 3.1 8.1 
(+ 0.9) (+ 0.4) 


*p < 0.001 Group I vs. Group II 


Group I vs. Normals 
Figures in parenthesis = standard error of the mean. 


[urine creatinine] 


[Urine amylase] © 
[serum amylase] 
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creatitis was made both radiologically and at surgery.in four" : 


patients, and by upper GI series alone in three. None of. the. 
ulcers had perforated. 
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x urine volume per unit time 


Group III. (two patients): These patients had Juoda 


ulcers demonstrated by upper GI series, marked widening: — 


of the duodenal sweep indicating pancreatic swelling. ‘ad: 
duodenal mucosal changes suggesting pancreatitis iy! 5:3, ‘Both 
had physical signs of pancreatic inflammation... ** — a: 


The pertinent laboratory values are summarized iTable- i 


1. All patients had a significantly elevated serum ‘Amylase. 


There were no significant differences among: the three pa- 


tient groups for maximum serum amylase (Fig: D, urinary 
amylase, serum lipase, serum calcium, or:.white bleod 


count. In contrast the amylase/creatinine cleafarice ratiois ` 


three times higher thannormalin Groups Land HI ‘(p.<..001) 
but normal in Group II. The elevated clearance. Fatios. in: 
Groups I and III conform well with the othér. objective. 


evidence of pancreatitis. Similarly the normal:éléarance ` 


ratio in Group II patients is consistent with the‘cliniéal 


absence of pancreatitis. As shown in Fig. 2, ‘there i is Venye: o. 


little overlap of the ranges for groups of patients with ands ‘ 
without pancreatitis. ee ee 
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Discussion 


Peptic ulcer disease is thought to be one of the etilic 
causes ofacute pancreatitis .? Direct penetration ofanulcer: *: z 
into the pancreas produces a localized inflammatory reactii —* 
tion in the pancreas, a phenomenon frequently observed 2 — 
during surgical dissection of the ulcerated duodenum. ae 
Nonetheless, we have wondered why the ‘‘pancreatitis” =% =: 
attributed to peptic ulcers is so often mild in comparison..." 


with the rest of the spectrum of pancreatitis seen at thig: =.: 


institution, and have questioned whether true pancreatitis i Í 


is present in these patients. 


The usual criteria for making the diagnosis of] paticreatitis g 


are limited and imprecise. The characteristics ofthe history. = 


and physical examination may make pancreatitis difficult . 


to distinguish from a number of other upper abdominal 
diseases, including common duct stones, perforated peptic 
ulcers, acute gastritis, and small intestinal obstruction. The 
laboratory test most relied upon to substantiate the diag- 
nosis of acute pancreatitis is the serum amylase, but sig- 
nificant elevations occur also with liver inflammation, 
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“Egy T; — Serum Amylase. The shaded area represents the normal 
range. The bar represents the mean for the group. There is no significant 
difference between the patients with pancreatitis (Group I), peptic ulcer 
alonė (Group ID or peptic ulcer with pancreatitis (Group IID. 
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stall. intestinal obstruction or infarction, uncomplicated 
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common duct stones, and following the administration of 
morphine. "7/515 Serum lipase similarly rises in conditions 
other, than pancreatitis. — 

“The amylase/creatinine clearance ratio was shown by 
-Levitt et äl:12 to increase significantly above normal in 
n gute: pancreatitis. Warshaw and Fuller'* confirmed the 
rise, inacute pancreatitis and showed that it did not occurin 
other diseases associated with hyperamylasemia. In the 
_ present study. we have applied this observation to patients 
* with ‘‘acute pancreatitis” apparently caused by peptic ul- 
cers. 
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Fic. 2. Amylase clearance expressed as a percentage of creatinine clear- 
ance. Each point represents the initial value for a patient. The bar repre- 
sents the mean for the group. The patients with pancreatitis (Group I) and 
pancreatitis with peptic ulcer (Group III)had higher values than those with 
peptic ulcer alone (Group II) or the normals. 
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WARSHAW AND LESSER 


Ann. Surg. * March 1975 

The value of the amylase/creatinine clearance ratio cor- 
related well in this study with other evidence for or against 
genuine pancreatitis. Thus patients with pancreatitis as- 
sociated with gallstones, alcohol, or hyperlipemia had an 
elevated clearance ratio, as well as radiologic or surgical 
evidence of pancreatitis. In contrast, seven of the nine 
patients with peptic ulcer had a normal amylase/ creatinine 
clearance ratio and no evidence of pancreatitis radiologi- 
cally or at surgery. In only two of the nine was the clearance 
ratio in the pancreatitis range, and these two patients had 
radiologic evidence for pancreatitis as well. These findings 
are consistent with an occasional causal relationship be- 
tween ulcers and pancreatitis, but suggest that the. diag- 
nosis of pancreatitis may be made too often in patients with 


` ulcer disease. Although the hyperamylasemia in these pa- 


tients may be secondary to a local pancreatic reaction 
limited to the immediate vicinity of theulcer, orto clinically 
insignificant pancreatitis, it is also possible that there is 
abnormal absorption of amylase into the blood stream from 
the intestinal lumen across the defect in the mucosal bar- 
rier, the ulcer. 

The importance of these observations lies in their maple 
cations for management of patients who appear to have 
pancreatitis. The amylase/creatinine clearance ratio is use- 
ful for confirming or questioning the diagnosis of acute 
pancreatitis. Patients with a normal clearance ratio should 
be evaluated immediately for other conditions which cause 
hyperamylasemia, including gastric or duodenal ulcer. 
Early detection of ulcer disease and exclusion of pan- 
creatitis will facilitate more appropriate and effective 


treatment. 
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rounded shoulders, 


pre-formed smooth, round 


edges 
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milled grooves, both 
longitudinally and 
vertically 






Hemoclip® Occluder 
(medium size *) 


And look what the difference 
means. 

Those grooves, for example, are 
milled . . . 0.007 mm. depth. 

It means that hemostasis will be 
secure without harmful crushing. 

(Stamped serrations are shallower 
and allow less space for tissue without 
being crushed when the clip is closed. ) 

And our unique rounded shoulders 
.. . pre-formed to direct pressure uni- 
formly in the applier. 

That means true parallel closure... 
without scissoring. The distal end closes 


Look at the difference 
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straight sides 
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sharper edges 
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stamped serrations 


Other ligating clip 
(medium size*) 
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first to encompass all of the vessel. 
(Scissoring, which may be caused 
by uneven pressure to either side of a 
clip that is being formed in the applier, 
can damage a vessel or even sever it.) 
And when edges are smooth and 
round ... there’s less chance of snag- 
ging or irritating adjacent tissue. 
Hemoclip Occluders ... . strength 
tested, applied in more than 40 different 
surgical procedures, with over 12 years 
documented use. 
Look again at the difference. . .it’s 


the difference your patient lives with. 
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Green 
palhyeshyealic ache! 
SUIS 


In 1971, DAVIS+GECK brought 
you the world’s first synthetic ab- 
sorbable suture—DEXON. Now, 
DAVIS+GECK brings you a choice 
—DEXON sutures in either green 
or gold. 

DEXON in green offers all the 
advantages of the gold suture... 
plus the added benefit of high visi- 
bility. It is ideal for use in deep 
tissue or any bloody field—partic- 
ularly in urologic, intestinal, and 
gynecologic surgery. Since it 
leaves no residual color, this green 
suture may also beusedin the skin. 

It is available in sizes 1 to 6/0, 
needled ornon-needled, and costs 
no more than catgut. 





Check the visibility of DEXON 
Green in the fascial closure of an 
abdominal incision. 


DEXON Sutures 
Green or Gold 











DEXON" polyglycolic acid suture 


Complete Product Information 


DESCRIPTION DEXON® poivalycolic acid 
Suture — Synthetic. Absorbabie is a 
homopolymer of glycolic acid. The sutures are 
sterile. inert. noncollagenous, nonantigenic, 
nonpyrogenic, flexible, braided. eitner 
undyed with o natural beige color or dyed 
green with D&C Green No. 6. They are 

uniform in size and tensile strength, but are 
smaller in diameter than other Absorbable 
Surgical Sutures of equivalent tensile strength 


ACTIONS When DEXON is placed in tissues a 
minimal tissue reaction occurs. which is 
followed by a microscopic layer of fibrous 
connective tissue which grows into the suture 
material Animal studies (subcutaneous tissue 
in rats. rabbits and dogs) revealed minimal 
absorption at 7 to 15 days, significant 
absorption at 30 days, and maximum 
resorption after 60 to 90 days. Tensile strength. 
not being a function of the absorption rate. 
may vary from tissue to tissue. depending in 
part on the rate of hydrolysis. The early tensile 
strength of DEXON is reported to be greater 
than that of comparable chromic catgut. In 
animal studies (subcutaneous tissue of rats, 
rabbits and dogs) there occurred a 30 to 
50% loss of initia’ tensile strength in one week 
and 60 to 80% loss in two weeks. at which time 
as in the case with chromic catgut no useful 
residual tensile strength remains 


INDICATIONS DEXON sutures ore indicated 
whenever absormabie sutures and ligatures 
are employed, provided that extended 
approximation of tissues is not required or 
where undue postoperative tension or stréss 
is not anticipated. DEXON is also indicated 
where non-absorbabie sutures are used for 
their characteristic lack of tissue reaction 


CONTRAINDICATIONS DEXON is 
contraindicatec where extended 
approximation of tissues under strain must be 
maintained 


WARNINGS The sofe use of this suture in 
cardiovascular and neural surgery has not 
been established 


Under certain circumstances, notably 
orthopedic procedures, immobilization by 
external suppor may be employed at the 
discretion of the surgeon 


Do not resterilize Discard opened, unused 
sutures 


PRECAUTIONS Acceptable surgical practice 
should be followed with respect to drainage 
and closure of infected wounds. DEXON 
suture knots must be properly ploced to be 
secure. Therefore. piace first throw in precise 
position for final knot, using a double loop, 
tie second throw square using horizontal 
tension; additional throws moy be used as 
desired. Skin sutures which remain in place 
for periods of longer than seven days may 
cause localized topical imitation and the 
extended portion of suture may be snipped 
off after five to seven days. as indicated 


ADVERSE REACTIONS Those reactions that 
have been reported include tissue reaction 
or inflammation. fibrous or granulation tissue 
wound separation and bleeding and 
accumulation of fluid around subcuticular 
stitches 


DOSAGE AND ADMINISTRATION Use as 
required. Do not resterilize. Discard opened. 
unused sutures 


HOW SUPPLIED Suture sizes 7-0 through 2 
Supplied in cut lengths or ligating reels. 
non-needied or offixed to the various 

DAVIS + GECK ATRAUMATIC* needles in one 


ond three dozen packages. 
—— Rev. 1/73 





DAVIS+GECK 


Amencan Cyonamd Company 
Peon River N Y 10965 


". .. a well written overview of the field of 
surgery." —New England Journal of Medi- 
cine. 


A SHORT TEXTBOOK 
OF SURGERY 


By SELWYN TAYLOR, D.M., 
M.Ch., F.R.C.S., Dean, Royal 
Postgraduate Medical School, 
London; Surgeon, Hammer- 
smith Hospital; and LEONARD 
COTTON, M.Ch., F.R.C.S., Sur- 
geon, King’s College Hospital. 


Covering all phases of surgery in only 634 
pages, this third edition of a brief and in- 
expensive surgical text offers a clear out- 
line of the basic principles of surgery, indi- 
cations for operation, and current surgical 
technics. 


Forty-three succinct chapters cover the 
entire surgical spectrum including the 
physiological and biochemical aspects. 


This up-to-date, helpful source of authori- 
tative information will be most valuable 
for the resident, intern, surgeon, and all 
practitioners who require a short refer- 
ence for consultation purposes. 


The JAMA said about the first edition: 
“The little textbook of surgery is appar- 
ently here to stay; this one is near the top 
of the list in quality of presentation, com- 
prehensiveness, accuracy, and timeliness." 


634 Pages Illustrated 
3rd Edition, 1973 Soft cover, $10.50 


J. B. Lippincott Company 


East Washington Square 
Philadelphia, Pa. 19105 


Please send me: 
A Short Textbook of Surgery 


AS 3/75 


Also Available at Your Medica! Bookstore 
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* Note: The use of DECADRON in cerebral edema is not a substitute for careful neurosurgical 
evaluation and definitive management such as neurosurgery or other specific therapy. 


Injection: 4 mg/ml Phosphate 


Tablets: 1.5 mg, 0.75 mg, 0.5 mg, 0.25 mg 
an indication for DECADRON and DECADRON 
(Dexamethasone Sodium  (Dexamethasone|MSD) 
Phosphate|MSD) 


For a brief summary of prescribing information, please see following page. 





“Some degree of edema accompanies most 
head injuries. Various methods have been 
used to control this, but at present the most 
efficient method is use of...dexamethasone 
[DECADRON*®]... . The effect of this is not well 
understood, but there is little question that 
edema of the brain is significantly lessened by 
its use.” 


Ritchie WP: The emergency care of cerebral injuries, 
J Lancet 86:255, June 1966. 


The use of DECADRON in cerebral edema is 
not a substitute for careful neurosurgical eval- 
uation and definitive management such as 
neurosurgery or other specific therapy. 


Dosage for cerebral edema 


Injection DECADRON Phosphate is generally 
administered initially in a dosage of 10 mg 
dexamethasone phosphate (2.5 ml) IV followed 
by 4 mg dexamethasone phosphate (1 ml) IM 





Injection 


Decadron 


(Dexamethasone Sodium 
Phosphate|MSD) 





every six hours until symptoms of cerebral 
edema subside. Response is usually noted 
within 12 to 24 hours and dosage may be re- 
duced after two to four days and gradually dis- 
continued over a period of five to seven days. 
For the palliative management of patients with 
recurrent or inoperable brain tumors, main- 
tenance therapy should be individualized with 
either Injection DECADRON Phosphate or Tab- 
lets DECADRON (supplied as 1.5-, 0.75-, 0.5-, 
and 0.25-mg tablets). Two mg two or three 
times daily may be effective. The smallest dos- 
age necessary tocontrol cerebral edema should 
be utilized. The usual precautions in regard 
to corticosteroid therapy should be employed, 
and antacids, anticholinergic drugs, and diet 
measures to prevent gastrointestinal ulcer or 
hemorrhage should be considered. Please read 
the brief summary below, and consult full pre- 
scribing information before prescribing or 
administering. 





Contraindications: Systemic fungal infections. 


Warnings: In patients on corticosteroid therapy subjected 
to unusual stress, increase dosage of rapidly acting corti- 
costeroids before, during, and after the stressful situation. 
Corticosteroids may mask some signs of infection: new 
infections, decreased resistance, and inability to localize 
infection may occur. Prolonged use of corticosteroids may 
produce posterior subcapsular cataracts and glaucoma 
with possible damage to optic nerves and may enhance 
the establishment of secondary, fungal or viral ocular in- 
fections. 


Usage in pregnancy: In pregnancy, nursing mothers, or 
women of childbearing potential, weigh possible benefits 
against potential hazards to mother and embryo or fetus. 
Infants of mothers on substantial doses of corticosteroids 
during pregnancy should be carefully observed for signs 
of hypoadrenalism. 


Elevation of blood pressure, salt and water retention, and 
increased excretion of potassium may occur with large 
doses of synthetic corticosteriods; dietary salt restriction 
and potassium supplementation may be necessary. All 


corticosteroids increase calcium excretion. Patients on 
corticosteroid therapy should not be vaccinated against 
smallpox and other immunization procedures should not 
be undertaken. Corticosteroids may suppress reactions 
to skin tests. 


In active tuberculosis, use should be restricted to fulmi- 
nating or disseminated tuberculosis and should be in 
conjunction with appropriate antituberculous regimen; in 
latent tuberculosis or tuberculin reactivity, close observa- 
tion is necessary as reactivation of the disease may occur, 
and patients should receive chemoprophylaxis during pro- 
longed corticosteroid therapy. 


Because rare instances of anaphylactoid reactions have 
occurred in patients receiving parenteral corticosteroid 
therapy, appropriate precautionary measures should be 
taken prior to parenteral administration, especially in pa- 
tients with history of drug allergy. 


Precautions: ORAL AND PARENTERAL THERAPY—Drug-induced 
secondary adrenocortical insufficiency may persist for 
months after discontinuation of therapy and may be mini- 
mized by gradual reduction of dosage; in any situation of 


stress occurring during tnat period, hormone therapy 
should be reinstituted. If patient already is receiving ste- 
roids, dosage may have to be increased. Since mineralo- 
corticoid secretion may be impaired, salt and/or a 
mineralocorticoid should be administered concurrently. 


In hypothyroidism and in cirrhosis, there is an enhanced 
effect of corticosteroids. Use cautiously in patients with 
ocular herpes simplex for fear of corneal ulceration and 
perforation. 


The lowest possible dose should be used, and when re- 
duction in dosage is possible, it must be gradual. Psychic 
derangements may appear, ranging from euphoria, in- 
somnia, mood swings, personality changes, and severe 
depression to frank psychotic manifestations, and existing 
emotional instability or psychotic tendencies may be ag- 
gravated. In hypoprothrombinemia, use aspirin cautiously 
in conjunction with corticosteroids. 


Use with caution in nonspecific ulcerative colitis, if there 
is a probability of impending perforation, abscess, or other 
pyogenic infection; also in diverticulitis, fresh intestinal 
anastomoses, active or latent peptic ulcer, renal insuffi- 
ciency, hypertension, osteoporosis, and myasthenia gravis. 
Fat embolism has been reported as a possible complica- 
tion of hypercortisonism. An ulcer regimen including an 
antacid should be considered as a prophylactic measure 
during prolonged therapy. 


Growth and development of infants and children on pro- 
longed therapy should be carefully followed. Motility and 
number of spermatozoa may be increased or decreased. 
Diphenylhydantoin may enhance the rate of metabolism 
and clearance of corticosteroids, and this may increase 
steroid dosage requirements. 


Ora THERAPY—Dosage must be individualized according 
to severity of disease and response of patient. Blood pres- 
sure, body weight, routine laboratory studies, including 
2-hour postprandial blood glucose and serum potassium, 
and a chest x-ray should be obtained at regular intervals 
during prolonged therapy. Upper G.I. x-rays are desirable 
in patients with known or suspected peptic ulcer disease. 
Continued supervision of patient after cessation of corti- 
costeroids is essential, since there may be a sudden re- 
appearance of severe manifestations of disease for which 
patient was treated. 


PARENTERAL THERAPY—The injectable form is sensitive to 
heat and should not be autoclaved when it is desirable to 
sterilize the exterior of the vial. Intra-articular injection 
may produce systemic as well as local effects. Appropriate 
examination of any joint fluid present is necessary to ex- 
clude a septic process. Marked increase in pain accom- 
panied by local swelling, further restriction of joint mo- 
tion, fever, and malaise are suggestive of septic arthritis; 
if this complication occurs and diagnosis of sepsis is con- 
firmed, appropriate antimicrobial therapy should be in- 
stituted. Local injection of a steroid into an infected site is 
to be avoided. Should not be injected into unstable joints. 
Patients should be impressed strongly with the impor- 
tance of not overusing joints in which symptomatic bene- 
fit has been obtained as long as the inflammatory process 
remains active. The slower rate of absorption by intra- 
muscular administration should be recognized. 


Adverse Reactions: ORAL AND PARENTERAL THERAPY—F luid 
and Electrolyte Disturbances: Sodium retention; fluid re- 
tention; congestive heart failure in susceptible patients; 
potassium loss; hypokalemic alkalosis; hypertension. 
Musculoskeletal; Muscle weakness; steroid myopathy; 
loss of muscle mass; osteoporosis; vertebral compression 
fractures; aseptic necrosis of femoral and humeral heads; 


pathologic fracture of long bones. Gastrointestinal: Peptic 
ulcer with possible subsequent perforation and hemor- 
rhage; pancreatitis; abdominal distention; ulcerative, 
esophagitis. Dermatologic: Impaired wound healing; thin” 
fragile skin; petechiae and ecchymoses; erythema; in- 
creased sweating; may suppress reactions to skin tests; 
other cutaneous reactions. Neurologic: Convulsions; tii- 
creased intracranial pressure with papilledema (pseudg- 
tumor cerebri) usually after treatment; vertigo; headache. . 
Endocrine: Menstrual irregularities; development of cush+ 
ingoid state; suppression of growth in children; secondary 
adrenocortical and pituitary unresponsiveness, partitu- 
larly in times of stress, as in trauma, surgery, or illness; 
decreased carbohydrate tolerance; manifestations of fa- ` 
tent diabetes mellitus; increased requirements for insulin 
or oral hypoglycemic agents in diabetics. Ophtha/mic: 
Posterior subcapsular cataracts; increased intraocular 
pressure; glaucoma; exophthalmos. Metabolic: Negative 
nitrogen balance due to protein catabolism. 


PARENTERAL THERAPY—Hypotensive or shock-like reaction 
hypersensitivity; thromboembolism; burning or tingling, 
especially in the perineal area (after IV injection); rare in- 
stances of blindness associated with intralesional therapy 
around the face and head; hyperpigmentation or hypo- 
pigmentation; subcutaneous and cutaneous atrophy; ster- 
ile abscess; postinjection flare (following intra-articular 
use); Charcot-like arthropathy. | 


How Supplied: Tablets in four strengths: 1.5 mg dexa- 
methasone, in bottles of 50; 0.75 mg dexamethasone, in 
5-12 PAK® (package of 12), single-unit packages of 100, 
and bottles of 100 and 1000; 0.5 mg dexamethasone, in 
bottles of 100 and 1000; and 0.25 mg, in bottles of 100. 
Injection, in 1-ml disposable syringes and 1-m!, 5-ml, and 
25-ml vials, containing per ml: dexamethasone sodium 
phosphate equivalent to 4 mg dexamethasone phosphate 
or 3.33 mg dexamethasone, 8 mg creatinine, 10 mg so- 
dium citrate, sodium hydroxide to adjust pH, water for 
injection q.s. 1 ml, and 1 mg sodium bisulfite, 1.5 mg 
methylparaben, and 0.2 mg propylparaben added as pre- 
servatives. 


For more detailed information, consult your MSD repre- 
sentative or see full prescribing information. Merck Sharp 
& Dohme. Division of Merck & Co., INC., West Point, Pa. 
19486 


Tablets 


DECADRON’ 
(Dexamethasone|MSD) 


Injection Phosphate 


DECADRON' 


(Dexamethasone Sodium 
Phosphate|MSD) 
MSD 


BR 





Keflin I.V. 


sodium cephalothin 


2 Gm* in 100-ml. ampoule 


“Equivalent to cephalothin. 












Additional information available 
to the profession on request 
Eli L lly and Company 
Indianapolis, Indiana 46206 
400768 


Cardiopulmonary Adjustments Following Single High Dosage — 


Administration of Methylprednisolone in Traumatized: ‘Man, — 


Pharmacologic doses of methylprednisolone sodium succinate 
were administered to 10 critically ill patients when the steroid was 
the only variable. Measurements of respiratory and circulatory 
physiologic parameters were obtained in all patients prior to injec- 
tion and at 30 and 90 minutes following injection of methylpred- 
nisolone sodium succinate. A significant increase in Cardiac Index 
was seen (P<.01) which appeared to be in association with a 
decrease in pulmonary vascular resistance (P<.01) at a time when 
physiologic shunting of blood through the lungs increased (P<.01). 

These changes imply improved perfusion of non- or poorly venti- 
lated portions of the lungs. Four of ten patients demonstrated 
removal of lactate by the lung during the control period. Following 
methylprednisolone sodium succinate injection, 9 of 10 patients 
demonstrated production or a washout of lactate from the lungs. 


LUCOCORTICOID PREPARATIONS in pharmacologic 

doses have been recently advocated as primary 
therapy for management of both medical and surgical 
acutely ill patients.?-4-7-8-15-20.26—28.31-33.43-45 Beneficial ef- 
` fects claimed for these preparations include stabilization 
_of lysosomal membranes, improvement in cardiac 
dynamics, and a decrease in peripheral vascular resist- 
ance. Much of the available literature deals with animal 
models and artificially controlled systems. In most. in- 
stances studies in humans have included patients who 


received a number of other drugs, blood, and intravenous | 


fluids in addition to steroid preparations. *7924-26.27 Also, 
many authors do not discriminate between the various 
glucocorticoid preparations.*?-75-44-41-4 This situation se- 
verely limits one’s ability to interpret the reported data. 

The present study was undertaken to investigate re- 
spiratory and circulatory effects of a high dosage of one 
steroid preparation, methylprednisolone sodium succi- 


Submitted for publication August 22, 1974, 
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time in which the action oey the steroid was the ony Known i 


variable. 
Method and Materials dice 
Studies were performed on ten seriously ill patients: who 
were admitted to the Trauma Center of the Albany. Medi- 
cal College. Seven patients were victims: ‘of multiple 
trauma accidents, one patient was in septic shock follow- 


ing surgery, and two patients were postoperative follew:. Di 


ing repair of ruptured abdominal aneurysms. Radial artery: 
catheters were inserted and a flow-directed triple” Jumen: E 


7F Swan Ganz catheter was positioned in a pulmonary 


4 


artery and then advanced to a wedge position. All ten ae 


patients were intubated and ventilated with a volume cy-’ .: f 
cled respirator. Pulmonary artery, pulmonary wedge and va ‘ 


arterial blood pressures were measured by means of. strain ` 


gauge transducers. Cardiac output was determined — 


indocyanine green dye dilution technique. Analog volt· 
ages from the densitometer and the output of selected 
channels of a recorder. were transmitted on-line toʻa- 
medium size digital computer for calculation of cardia’: 


output, and its conversion to cardiac index based. on ‘the: 3 
patient’s body surface area (BSA), and for calculation of =- 
pulmonary vascular resistance determined from mean |" 
pulmonary artery pressure and pulmonary wedge přes- >: ~ 


sure.17 Mixed venous blood was obtained from the Swan, ;.. 
Ganz catheter. Blood gases were analyzed using Po,, Pio; PEN 


and pH electrodes. Physiologic shunt fraction of. blood; 7 
through the lung was computed off-line using. the? 


a 


Berggrens formula with appropriate correction for shift in 


and dissolved oxygen. (Error of determination +3%). — 
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LOZMAN AND OTHERS 


Mean Aortic Blood Pressure 


- Ann. Surg, 


* March 1975 


Patient Description, Mean Aortic Blood, Pressure and Pulmonary Wedge Pressure in Ten Patients Receiving Methylprednisolone. 


Pulmonary Wedge Pressure 


(mm Hg) (mm Hg) 

30 min 90 min Baseline 30 min 50 min 
116 115 10 10 14... 
99 90 17 8 + 

98 105 10 5 5 
112 114 3 4 3 
96 107 13 13 13 
72 72 — — — 
86 75 9 l1 14 
105 108 18 20 20 
84 71 6 6 6 
54 50 10 10 8 
92.2 90.7 10.7 9.7 10.1 
+6.0 +7,1 +1.6 +1.6 +1.8 
P<.05 P-NS P-NS P-NS 





“TABLE, 
a RS Oe Survival 
a ee oe Age or 
, ., Patient Sex Diagnosis Death Baseline 
eae | 14/M Trauma Survived 112 
age 43/F Trauma Survived 97*(84) 
pe Rod 21/M Trauma Survived 108 
a ay 4 62/F Aneurysm Survived 135 
‘ore oS 39/M Trauma Survived 102 
en 6 37/M Septic 
ee be Shock Survived 74 
me cae 19/F Trauma Survived 100*(62) 
a BS 29/M Trauma Died 102 
age 81/M Trauma Died 88*(48) 
LO, |: 69/M Aneurysm Died 63*(96) 
ww. Mean 98.1 
EE StE: +6.3 
E aed 


re a aortic pressure immediately following injection of methylprednisolone sodium succinate. 


tion from. cardiac output multiplied by the arterial-venous 
, OXygen content difference [[.0031 (Pso,) + Hb (1.39) (arte- 


J rial saturation)] - | .0031 (Pvo; Hb (1.30) (venous satura- 


* tion) TI. Oxygen delivery was obtained by multiplying car- 
diac output by arterial oxygen content. (Error of determi- 
nation. +21 ml/min). 

Limb:blood flow, an indication of peripheral perfusion, 
was ‘Obtained by the method of English ef al.® using an 


‘impedance plethysmograph. The impedance of a segment 
of: the-lower extremity provides a measure of total limb 
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volumé.>-*3 The change in volume after sudden venous 
_ occlusion bya rapid-inflating thigh pressure cuffis propor- 
tional to blood flow. 

Limb vascular resistance was determined by dividing 
mean aortic pressure by limb blood flow. Peripheral vas- 
culat résistance was determined by dividing mean aortic 


ane ‘pressure by cardiac output. 


10: 


“oO 


v 


(L/MIN M? BSA E 3 i k 


90 


CONTROL 30 
TIME (MINUTES) 


Fic. 1. Cardiac Index in L/min/m? BSA at baseline, 30and 90 minutes after 
injection of methylprednisolone sodium succinate. The increase after 
injection was significant. 





Lactate levels were determined by enzymatic reaction 
using a glycine buffer, lactic dehydrogenase suspension 
and 8% perchloric acid and spectrometer determination.* 

Control measurements were made of arterial, pulmo- 
nary artery and pulmonary wedge pressures, hemoglobin 
concentration, cardiac index and limb blood flow. Both 
arterial and mixed venous bloods were analyzed for pH, 
Po,, and Pco, and lactate concentrations. From the time of 
baseline measurements and for the next ninety minutes no 
blood nor medications were administered. No alterations 
were made in the respirator settings. Following comple- 
tion of the collection of the control samples, methylpred- 
nisolone sodium succinatet (30 mg/kg of body weight) was 
injected as a bolus into the proximal lumen of the Swan 
Ganz catheter. Thirty and 90 minutes after injection all of 
the above measurements were repeated. In four patients 
arterial blood pressure was recorded continuously for the 
entire ninety minutes. 

Informed consent for the above procedures was ob- 
tained from the patient’s legal guardian after the nature, 
purpose and risks of all procedures to be performed were 
explained according to the recommendations in the Decla- 
ration of Helsinki. 

All statistics employ Student’s T test for paired variance 
unless otherwise stated. All comparisons are referenced to 
baseline values. 


Results 


The ten patients studied included seven males and three 
females with ages ranging 19-81 years (Table 1). Eight of 
the ten patients developed the adult respiratory distress 
syndrome as evidenced by characteristic chest X-Ray 
changes and elevated levels of pulmonary physiologic 
shunting at some time early in their hospital course. 


*Sigma Chemical Company, No. 826-UV, St. Louis, Missouri. 
tUpjohn, Kalamazoo, Michigan. 
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nisolone. r 
Cardiac Index Pulse Rate Physiologic Shunt % Oxygen Delivery Oxygen Consumption, - 
(L/min/m? BSA) (beats/min) (ml/min) (mi/min/m? = 
Base- Base- Base- Base- l Base- ` i 
Patient line 30Min 90 Min line 30Min 90Min line 30Min 90Min line 30 Min 90 Min line 30 Min 90 Ñin, * 
1 6.0 7.5 6.7 144 132 132 7.1 21 18 1948 2301 2023 202 192 a 185% 
2 3.2 4.0 4.7 90 90 96 10 12 18 774 941 1073 122 151 — JAT; 
3 4.8 6.1 5.7 114 108 108 13 16 17 1327 1607 1499 168 Dra e 154: 
4 2.7 4.2 4.4 102 102 108 12 22 21 682 1048 1074 120 152) ra 179:5 
5 2.6 3.6 2.5 60 63 60 10 24 20 722 889 686 85 96. 86 k: 
6 3.2 3.6 3.9 102 96 90 14 21 21 924 989 1096 166 156 >, 164°. 
7 6.0 7.4 7.8 108 120 108 15 14 13 887 1057 1133 149 129 * 468 * 
8 2:3 2.6 2.5 96 96 96 18 20 25 637 636 627 110 110 F 91 
9 2.0 2.6 2.5 69 67 66 32 39 36 594 Tia 699 85 95. 105. 
10 3.0 3.7 3.4 84 84 84 43 48 45 752 905 832 119 131. . 132... 
ee aes 
Mean 3.6 4.5 4.4 97 96 95 (7.4 23.7 23.4 925 1114 1074 133 137 JAR 
S.E. +05 £0.6 +06 +7.5 +68 +67 +36 +3.6 +3.] +131 +154 +135 #12 +9.7 and 
P<.001 P<.01 P-NS P-NS P<.01 P<.01 


Cardiac Index 


The average presteroid cardiac index was 3.6+ 0.5 
1/min/m? BSA (Table 2, Fig. 1). Thirty minutes after the 
administration of methylprednisolone sodium succinate 
the cardiac index increased in all ten patients to an average 
of 4.5+ 0.6 1/min/m? BSA (P <.001). At 90 minutes the 
cardiac index was still elevated over baseline values in 


eight of the ten patients. The mean cardiac index at ninety 


minutes was 4.4+ 0.6 1/min/m? BSA (P<.01). Thus, the 
rise in the cardiac index associated with the injection of 
methylprednisolone sodium succinate was significant. 


Pressure Measurements and Pulse Rate 


Pulmonary wedge pressure, a reflection of left atrial 
pressure, remained within 2 mm Hg of control over the 
ninety minute study period in five of the nine patients in 
whom it was measured (Table 1). Changes that did oċcur in 
the mean pulmonary wedge pressure were not statistically 
significant. In both patients in whom wedge pressure rose, 
the cardiac index was higher than baseline values. How- 
ever, in two patients in whom the wedge pressure fell, the 
cardiac index did not fall, but rose also. ` 

Average mean radial artery pressure was initially 98 + 6.3 
mm Hg (Table 1). Thirty minutes after methylprednisolone 
sodium succinate, it fell to a mean of 92.2+ 6.0 mm Heg (P 
<.05). Although at ninety minutes the mean was 90.7+ 7.1 
mm Hg, this was not significantly below control because of 
the wide variability between patients. 

Among four patients in whom arterial pressure was con- 
tinuously recorded following methylprednisolone sodium 
succinate administration, an abrupt drop in blood pressure 
occurred in three patients from a mean of 95 mm Hg toa 
mean of 64.6 mm Hg within four minutes of the injection 
(Table 1). The period of hypotension was brief and all 
values approached baseline by thirty minutes after injec- 
tion. The hypotension was not treated with any additional 
medication or intravenous fluid administration. 


PHYSIOLOGIC SHUNT (%) 


P<.01 


nm 


. 
* 


There was no significant change i in pulse rate iollowing > 


injection (Table 2). —— 


$ a * asf 
“a 


Hemoglobin Concentration and Arterial Blood Gases — 


Hemoglobin levels did not change during the périod of 
study (Table 3). Inspired oxygen concentrations for the ten 
patients ranged from 20% to 80%. Five patients received 
positive end-expiratory pressure ventilation whi cho Was net 
changed throughout the period of study. The range. of end- . 
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TABLE2. Cardiac Dynamics, Physiologic Shunt Through Lungs, Oxygen Delivery and Oxygen Consumption in Ten Patients Receiving Methylpred:. - 


a 


P<01 © P=NS*? 


expiratory pressure was 5 cm H,O to 20 cm HOX ‘Mean : 


arterial pH remained virtually constant. Arterial’ Po, de- 
creased in nine of ten patients after injection of methyl- ` 


prednisolone sodium succinate. The drop to a meanarterial © 


Po, of 91+ 9 mm Hg at ninety minutes was significant (P < 


50 
40 
30 


20 


90 
TIME (MINUTES) 


CONTROL 30 


Fic.2. Physiologic shunt through the lung at baseline, 20 and 90 minutes 
after injection of methylprednisolone sodium succinate. The i increase 
after injection was significant. 
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= TABLE 3. Blood Gases, Inspired. Oxygen Concentration and Hemoglobin in Ten Patients ReceivingMethylprednisolone 
i — Systemic Arterial Blood Gases 








— Baseline 30 Min 90 Min 
Bl OE et tee ` 
E. o> “DH Po, Pco; pH Po, Pco, pH Po, Pco, Inspired Hemoglobin 
ÉA gir BP Oxygen gm % 
Patient. > mm Hg mm Hg mm Hg mm Hg mmHg mmHg Fraction Baseline 30Min 90 Min 
“te J 7.40 110 32.6 7.40 127 42.6 7.41 132 42.1 40 11.3 10.5 10.2 
SZ Al 125 35.4 7.41 109 33.9 7.38 94 43.0 30 10.1 ` 9.8 9.7 
E o Begu T.42 91 32.4 7.40 92 36.6 7.41 89 31.1 20 10.7 10.3 10.4 
Bde o> 7/50 123 34.0 7.51 84 32.1 7.46 82 31.8 .40 11.3 113 11.3 
a SToe8.7.52 161 315 7.50 91 33.8 7.46 96 34.8 40 10.5 9.6 10.5 
O EG 2  7.41 118 28.7 7.41 94 29 7.43 95 34.1 50 10.2 10.2 10.2 
ees BLS © 7.36 122 37.4 7.42 120 35.1 7.38 126 37.5 40 10.6 10.2 10.5 
TI Boy 7.49 110 31.8 7.49 94 29.9 7.49 78 36.7 .50 9.2 9.1 9.3 
ae 9 7.53 87 347 7.47 69 38.3 7.47 67 34.4 80 11.0 11.8 115 
“10 7.44 54 34 6 7.41 52 36.8 7.44 51 35.7 .70 10.8 10.9 10.7 
<> *Méan «.., .7.45 110 33.3 7.44 93.2 34.8 7.43 91.0 36.1 10.6 10.4 10.4 
ig, SWB. . o2 +9.0 +8 +01 27.6 2135. =D 277  =12 2 42 =2 
"Shes, Bar 25 P-NS P<.05 P<.05 P-NS P.05  P<.05 P-NS  P-NS 





<Š: " Déspite fixed respirator settings, arterial Pco, in- 


= — oy creassd significantly from 33.3+ 0.8 mm Hg to 36.1+ 1.2 
E mm Hg ät ninety minutes (P <.05). 


Oxygen. Delivery, Oxygen Consumption and Physiologic 
Shunt’. at 


“Oxygen delivery increased in nine of ten patients follow- 


change was seen ninety minutes after injection (Table 2). 
Baseline physiologic shunt of blood through the lung 
averaged 17.4+ 3.6% (Table 2, Fig. 2). Thirty minutes after 
methylprednisolone sodium succinate physiologic shunt 
increased in nine of ten patients to an average of 23.7 + 3.6% 
(P<.01). At 90 minutes the shunt remained significantly 
elevated over baseline at a mean of 23.4+ 3.1% (P<.01). 


n ing’ ‘methylprednisolone sodium succinate injection (Table 
Dye “Paseline: oxygen delivery averaged 925+ 131 ml/min. 

iz Te ‘mean ‘at:30 minutes after injection had increased to 
ak J 14% * ASA ml/min (P<.01), and after 90 minutes the mean 
| was’ 1 074+ 135 ml/min (P<.01). Thus, the rise in oxygen 

iad „yaive after steroid injection was statistically significant. 

“<< Control ‘oxygen consumption averaged 133+ 12 
~ mi/min/m’BSA. Thirty minutes after methylprednisolone 
‘sodium succinate injection oxygen consumption was virtu- 
aly, unchanged. from presteroid levels. No significant 


While physiologic shunt of blood through the lungs and 
cardiac index both increased significantly following the 
administration of methylprednisolone sodium succinate, 
the correlation between the two parameters was not sig- 


nificant (r= .28; P> .05: Spearman rank correlation coeffi- 
cient). 


Pulmonary Vascular Resistance 


Control pulmonary vascular resistance averaged 180 
+25 dyne-sec/cm® (Table 4) (Normal 120 dyne-sec/cm'). 





he Ete — |.” TABLE 4, Pulmonary, Limb and Peripheral Vascular Resistances in Ten Patients Receiving Methylprednisolone 
Paes Pulmonary Vascular Limb Vascular Peripheral Vascular 
it Sat Resistance Limb Flow Resistance Resistance 
ae anes (dyne-sec/cm®) (ml/min/gm) (dyne-sec/cm') (dyne-sec/cm') 
Patient Baseline’ 30 Min 90Min Baseline 30Min 90Min Baseline 30Min 90Min Baseline 30Min 90 Min 
| 116 ` 67 63 4.44 2.62 3.68 238 419 .298 1499 1242 1378 
2 250 152 160 2.61 3.39 2.45 575 432 534 2434 1987 1538 
3 62 62 46 5.05 2.90 2.36 .332 509 .607 1807 1290 1479 
4 262 143 150 2.50 1.71 1.41 .700 845 1.050 4015 2141 2080 
5 84 84 — 2.75 4.01 2.92 470 -306 .467 3150 2141 3437 
6 125 137 134 2.84 3.35 3.74 2.160 1.780 1.600 1857 1606 1482 
7 215 185 144 0.52 0.86 0.93 2.370 1.25 1.000 1338 933 772 
8 195 144 211 3.35 255 3.90 .470 622 427 3276 3243 3469 
9 287 241 236 1.12 0.63 1.07 1.140 1.743 .982 3533 2594 2281 
10 202 154 165 1.63 1.75 1.90 523 467 346 1686 1172 1181 
Mean 180 137 145 2.68 2.38 2.44 .897 .832 .737 2460 1835 1910 
S.E. +25 +17 £20 +0.40 +0.40 +0.40 +.240 + 178 + 130 +303 +229 +290 
P<.01 P<.05 P-NS  P-NS P-NS  P-NS P<.01 P<.05 
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TABLE 5. Lactate Concentrations and Arterial-Pulmonary Artery Lactate Differences in Ten Patients Receiving —— 


ae 


Arterial Lactate Pulmonary Artery Lactate Arterial-Pulmonary Artery Lactate - 
(mg %) (mg %) Difference (mg %) ` `= E 
Patient Baseline 30 Min 90 Min Baseline 30 Min 90 Min Baseline 30 Min 90 Min F 
11.2 16.1 15.3 10.8 12.8 9.20 0.4 3.3 26 P 
2 26.2 4,5 19.9 18.7 1.8 13.2 I> 2.7 BT PES 
3 16.5 22.3 16.8 17.4 18.8 13.9 —0.9 3.5 a2: 9. — 
4 1.5 10.7 20.5 3.9 10.0 12.8 ~2.4 0.7 EPL eget 
5 18.0 24.2 10.9 23.0 18.1 9.4 —5,0 6.1 — re 
6 27.9 25.0 12.1 31.2 22.7 12.8 —=3.3 2.3 8, vE rr 
7 11.7 16.4 18.0 8.7 10.3 13.3 3.0 6.1 Be Se tia 
8 37.3 36.9 34.5 29.8 37.3 29.9 7.5 ~0.4 46 — F 
9 20.6 10.6 24.7 14.7 8.2 17.4 5.9 2.4 CED Bee) T 
10 35.0 18.4 33.6 34.1 15.7 28.2 0.9 pee | 2.5, — ree 
Mean 20.6 18.5 20.6 19.2 15.6 16.0 1.9 2.9 46 ee 
S.E. £3.5 +2.9 +2.6 +3.2 +31 +2.3 +1.4 +0.6 40.8 0 2%: 
P-NS P-NS -NS P-NS P<.001 


Thirty minutes after injection of methylprednisolone 
sodium succinate the pulmonary vascular resistance had 
decreased markedly from control levels to a mean of 137+ 
17 dyne-sec/cm® (P<.01). At the end of ninety minutes the 
pulmonary vascular resistance was decreased in seven of 
the nine patients in whom it was determined, yielding a 
mean of 145+ 20 dyne-sec/cm® (P<.05). 


Peripheral Vascular Resistance, Limb Blood Flow and 
Limb Vascular Resistance 


Peripheral vascular resistance decreased significantly 
following the administration of methylprednisolone 
sodium succinate, falling from a mean control value of 
2,460+ 303 dyne-sec/cm® to 1,835+ 229 dyne-sec/cm? fol- 
lowing the injection (P<.01). It remained less than control 
at ninety minutes after injection for a mean of 1,910+ 290 
. dyne-sec/cm® (P<.05) (Table 4). 

Despite this significant decrease in peripheral vascular 
resistance the limb vascular resistance and limb blood 
flow did not change significantly at either thirty or at 
ninety minutes following injection (Table 4). In five of ten 
patients in whom limb vascular resistance did increase, 
the cardiac index was concomitantly increasing rather 
than decreasing. 


Lactate Concentrations 


Control arterial lactate levels averaged 20.6+ 3.5 mg% 
(Table 5). Control pulmonary artery lactate averaged 19.2 
+3.2 mg%. In six patients arterial lactate exceeded pulmo- 
nary artery lactate by an average of 4.2 mg%. This positive 
arteriovenous difference in lactate concentrations during 
steady state conditions is an indication of production or 
washout of lactate from the lungs. However, in four pa- 
tients the arteriovenous difference was negative by an av- 
erage 2.9 mg% indicating possible uptake of lactate by the 
lung. This phenomenon of apparent lactate storage or con- 
sumption by the lung has not been previously reported in 


taf > —* * 
oi ewe * 
dury “ ee 
“e — 


man, although a negative arteriovenous difference® — 
been observed in dogs." Thirty minutes following methyl 
prednisolone sodium succinate injection the average SyS 
temic arterial lactate was 18.5 +2.9 mg%, W whereas’ the“: 
average pulmonary artery lactate was 15.6 +3:1: mg%. In 

nine of ten patients at thirty minutes after: injection. the 
arteriovenous difference was positive an. average of 2. 9 
+0.6 mg% indicating that almost all patients were now 
washing out lactate from their lungs or. their. lungs. were, 
producing lactate. All patients with negative: ‘control: ar⸗ 


teriovenous differences became positive. -By. 90: ‘minutes: ue 


the apparent lactate washout or production had: increased: : 
over baseline values even further for a mean arterio’ ovenous” 
difference of 4.6+ 0.8 mg% (P<.001). : — —— 


— ~ ee 
Seven patients survived and three patients died’ (Table i 


P<.001- -E 


1). Only the physiologic shunt of blood through the Jüng:- `- E 


and arterial lactate levels appeared to. be of statistigally E ; 
significant value in predicting survival (P. <" O: — 


Physiologic shunts were highest in the three patients who 


died. They had an average presteroid shunt of 31% range, ie 


18 - 43). Average baseline shunts of the survivors’ were ™: 
11.6% (range 7.1 - 15%). 
sodium succinate the shunts of most of the patients: in-. 


creased, including those of survivors as well as those who.: 
died. 


The average presteroid arterial lactate concentrations ` J 


for the patients who died was 31 mg% (range 20.6 - 37.3 
mg%) and in the survivors the average was 16 mg% (range. 


1.5 - 27.9 mg%). In only one survivor was the lactate level _ 


greater than 20 mg% on more than one occasion whereas, 


among those who died, all three patients had lactate levels „` 
greater than 20 mg% at least twice during the study. Im- ` 


provement in the cardiac index was not followed by a 
decrease in the blood lactate level up to ninety minutes after 
the injection of methylprednisolone sodium succinate. 
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ce So, Discussion 
Te effects of methylprednisolone observed in 


* =. J ha 


theis was a fall in pulmonary vascular resistance as- 
= šociated with an increased pulmonary physiologic shunt 
“aid: a fall in arterial Po,. 

~The increased cardiac output observed in all of our 
«patients thirty minutes after injection of steroid is consist- 
“ent with the findings of a number of other investigators. 
who followed a test se- 
"quence comparable to that of the present study, found a 
23% increase in cardiac output of 23 patients at 30 minutes 
after injection and a 19% increase at 60 minutes after 


injection of either hydrocortisone, methylprednisolone, 


or.dexamethasone. However, at 90 minutes their patients’ 
average’ cardiac output was lower than control. In the 
-present study, cardiac output was lower than control in 
oũly one of ten patients at 90 minutes. The overall increase 


-in cardiac output cannot be ascribed to an increased filling 


pressure of the left ventricle or an increased pulse rate, for 
“neither ‘pulmonary wedge pressure nor pulse rate changed 
significantly. 27 It is possible that methylprednisolone has a 
positive inotropic effect on the myocardium, although 
experimental support for such a hypothesis remains con- 
troversial .!3-%2 

Thei increase in cardiac output led to an increase in oxy- 
gen delivery, but body metabolism did not change in re- 


— = Sponse to the rise in delivery of oxygen since there was no 


“Increase in oxygen consumption. This is in contrast to the 
direct relationship found between oxygen consumption 
and oxygen delivery in patients receiving positive end- 
zexpiratory pressure ventilation.” 

aye Phe above increase in cardiac output appears to be as- 
“sociated with increased perfusion of blood to areas other 
-than peripheral. skeletal musculature, for total peripheral 
- resistance of these patients decreased significantly while 
» limb- vascular resistance remained unchanged. There is 
"previous: evidence that increased flow. through the renal 


7 — - Vasculature may occur following steroid administration.*4 


The: decreases in peripheral vascular resistance in the 
“ipresent study are consistent with those reported by other 


P ae both in experimental animals and in 


“ man.” 8272843 However, our results differ from those of 
x Wilson and Fisher“ in that, following an initial decrease in 
* peripheral vascular resistance in patients in septic or car- 
` diogenic shock, they calculated an overall increase, rather 
-thana sustained decrease, in peripheral vascular resistance 


“le at 90 minutes. 


Resistance to blood flow through the pulmonary bed also 
decreased strikingly. At the same time, physiologic shunt 


of blood through the lungs increased. It would appear that 


methylprednisolone sodium succinate caused a redistribu- 
tion of pulmonary blood flow by increasing perfusiontonon 
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or poorly ventilated portions of the lung. This redistribu- 
tion is analogous to that found in the dog during unilateral 
atelectasis or hypoxia in association with systemic 
hypoxemia.'®!® Thus, this drug appears to override the 
normal mechanism for controlling ventilation-perfusion 
ratios in poorly ventilated portions of the lung. The resis- 
tance changes in our patients are consistent with the drop in 
pulmonary vascular resistance observed by Rosenbaum et 
al.?* in septic shock patients treated with steroids, but are 
not consistent with the rise in pulmonary vascular resis- 


tance they observed in cardiogenic shock patients treated 
with steroids. 


There was a sudden dropin bined pressure in three of the 
four patients in whom continuous recordings were made 
during the injection of methylprednisolone sodium succi- 
nate. This phenomenon has been observed previously im- 
mediately after injection of steroids in both humans and 
dogs.3®1 Thomas and Brockman?! found an abrupt fall in 
cardiac output associated with a drop in blood pressure 
both of which returned to baseline within ten minutes in 
eight of ten dogs. Their study indicates a possible hazard of 
administering very large dosages of corticosteroids in that 
in the remaining two dogs there was no recovery from the 
circulatory depression following steroid injection and 
death resulted within 15 minutes. In all three of our patients 
by 30 minutes the blood pressure approached control val- 
ues. However, mean blood pressure of the patients in this 
study remained significantly decreased at 30 minutes fol- 
lowing injection of methylprednisolone sodium succinate. 
This is in contrast to the findings of several other inves- 
tigators who report no significant change in blood pressure 
after steroid injection. 7788-34 

Lactate is the final product of the metabolism of glucose 
in an anerobic environment. Lactate can be converted to . 
pyruvate only in the presence of molecular oxygen in order. 
to maintain a normal DPNH + H: DPN ratio.’ 


lactic dehydrogenase 
Pyruvate + DPNH + H S Lactate +DPN 
Pyruvate may then enterinto the Kreb’s cycle to potentiate 
the breakdown of glucose into water, carbon dioxide, and 
energy. Net production of lactate by an organ has been 
interpreted to represent anerobic metabolism during 
periods of cellular hypoxia. 

Within the literature there appears to be a controversy 
concerning the abilitv of pulmonary tissue to produce lac- 
tate. On the one hand there is evidence that during hypoxia 
‘‘excess lactate’’ is produced which corresponds closely to 
the magnitude of the hypoxia.'* Several investigators re- 
port positive arteriovenous differences in lactate concen- 
trations across the pulmonary bed in patients with severe 
pulmonary disease and suggest that the lungs were adding 
lactate to the arterial blood.**33 By following glucose 
metabolism it has been found that approximately 30% of 
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this sugar was converted into lactic acid within the 
lung.1°-446 On the other hand some investigators could find 
no difference in lactate concentrations across the lung 
bed. 2.18 The present opinion is that lactate is probably 
produced by the lung and that this production may even 
occur in states other than those of hypoxia.?®39 Further- 
more, itis also believed that the lungs do not have approp- 
riate enzymes to allow utilization of lactate.” Lactate 
levels have been found to be elevated in periods of systemic 
shock, being somewhat higher in hemorrhagic shock than 
in septic shock.! Steroids are reported to decrease systemic 
lactic acid levels several days after injection. 2725-3! The 
steroids appear to have a gluconeogenic effect.?! This de- 
crease of lactate toward normal levels has been attributed 
to an initial rise associated with a washout of lactate from 
previously poorly perfused organs, followed by a fall as 
lactate production diminishes. In contrast, in this present 
study there was no significant reduction in lactate levels. 
However, there appeared to be a marked redistribution of 
lactate when arteriovenous differences were determined. 
Previously unreported in man is the finding that in at least 
three patients there were differences between pulmonary 
artery lactate and systemic arterial lactate where the 
former were the higher of the two values. This would indi- 
cate that as blood crossed the pulmonary vascular bed 
some lactate entered the lung. After methylprednisolone 
sodium succinate, lactate levels of all arterial samples 
equalled or exceeded those of pulmonary artery samples, 
indicating that in response to treatment, either a washout or 
a production of lactate from the lung occurred. A washout 
from the lung might occur with a redistribution of blood 
flow to the lung in association with the observed Increase in 
shunt and decrease in pulmonary vascular resistance. The 
increase in physiologic shunting of blood through the lung, 
an apparently undesirable effect in patients already suffer- 
ingfrom compromised ventilation may, inconjunction with 
the decrease in pulmonary vascular resistance, indicate 
improved perfusion of non- or poorly ventilated portions of 
the lung and be beneficial in the long term treatment of their 
adult respiratory distress syndrome. 
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Occult Adrenal Insufficiency in Surgical Patients ` 


CHARLES A. HUBAY, M.D., ELDEN C. WECKESSER, M.D., RICHARD P. LEVY, MDE; << 


Eight patients admitted to a University hospital with acute surgical 
problems and related adrenal insufficiency were reviewed and three 
are presented in detail. Surgical stress and continued sepsis played 
major roles in the lack of responsiveness to usual modes of therapy 
until the adrenal insufficiency was corrected. The patients fell into 
three major clinical categories of adrenal insufficiency. Chronic 
illness and sepsis are shown to affect steriod production and 
metabolism, as well as adrenal responsiveness to ACTH. Phar- 
macologic amounts of steroids are often needed in patients with 
shock, gram negative sepsis and prolonged illnesses, even if normal 
or elevated serum cortisols are present. Therapeutic trials of cortisol 
administration are shown to be confusing when not accompanied by 
easily performed diagnostic tests of adrenal function. It is em- 
phasized that a pretreatment serum cortisol should be obtained 
whenever possible. The evaluation of adrenal function is of lifelong 
importance to the patient. 


HE SURGEON is often faced with acute situations 

wherein his patient exhibits nonresponsiveness to the 
usual therapeutic maneuvers. Under these circumstances, 
attention is usually focused on hypovolemic states, the 
myocardium, respiratory tract, sepsis, and pulmonary or 
fat embolism. Unrecognized adrenal insufficiency should 
be included in the differential diagnosis. 

Acute adrenal insufficiency is seen in three major clinical 
situations: 

I. Inthe first group are patients with unrecognized Addi- 
son’s disease in whom a crisis has been precipitated by 
trauma, a surgical procedure, intercurrent infection or in- 
advertent discontinuation of corticosteroid therapy. 

IJ. Inthe second group are those patients with iatrogenic 
adrenal insufficiency in whom long-term adrenocortical 
steroid therapy has been discontinued for one reason or 
another, and in whom acute stress may precipitate adrenal 
insufficiency. The number of patients in this category is 
rising rapidly as disease complexes responding to steroid 
therapy increase. 

HI. In the third group are patients admitted to an 
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emergency unit or to the hospital in extremis, or hypotén: Fe 


sive from unknown causes, in whom adrenal failure may: > 


possibly play a role. It is in this latter group of patients in. : cs = 


whom pharmacologic doses of glucocorticoid therapy may. 
be indicated as one form of nonspecific therapy. This might 
include patients with severe gram-negative. infections, the 
Waterhouse-Friderichsen syndrome, postmyocardial i in- 
farction patients on anticoagulants, patients with metasta- . 
tic carcinoma to the adrenals, and pseudotumor cerebri. 


The adrenal secretory responses to continued-:infection, - 


chronic illness and stress are poorly understood. Depres- 
sion of adrenal secretion and diminished responsiveness .ta:. 


ACTH often develop during severe or prolonged inféction.: is pF 


This report is concerned with eight patients (Fable: Ay 
admitted to the surgical service at University Hospitals: of: # 
Cleveland presenting acute problems and related adrénal 
insufficiency during their hospital course: Surgical: ‘stréss:: 
and continued sepsis played strategic roles in the lack of. 


responsiveness to therapy in some of these patients. until, ; 


the adrenal insufficiency was corrected. .: =O — 


Three examples of patients with adrenal: insufcičticy. ` 
are summarized to emphasize the problems encounteredin':. = 


their surgical care and convalescence. 


* g t 


Case Reports 


G.S. #235-103. A 53-year-old female was admitted to the Medical: 
Service of University Hospitals January 21, 1968 with weakness and- 
vomiting of one month’s duration. Chills and fever had been present for 
three weeks. She continued to have anorexia, vomited frequently, and had 
lost 16 pounds. There was no change in bowel habits, jaundice or . 
symptoms of peptic ulcer. 


* 
~ 


E oth, 


Past history was noncontributory except for congenital toxoplasmosis — 


of the eyes. 


Physical examination: T. 36.5C; P. 80/min; R 20/min; B.P. 110/770 mn 


Hg. 
Examination revealed a slender woman in no acute distress. Abdomen 
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TABLE 1. Summary of Patients with Nonresponsive Clinical Problems Associated with Hypoadrenalism 




















T 2 Presenting Surgical Category Of 
. Patient Age Sex Clinical Problems Diagnosis Hypoadrenalism 
7 we * G.s. 53 F Hypotension, Fever, Vomiting Cholelithiasis I 
— 9 — 3 M.B. 71 F Sepsis, Toxic Delirium, Fever Perforated Sigmoid I 
— Diverticulitis 
57 F Hypotension, Fever Agnogenic Myeloid 1 
— CKS Metaplasia 
— — Splenectomy 
& = D.F. 79 M Vomiting, Distension, Diarrhea, ° Rheumatoid Arthritis II 
— Lethargy, Sepsis Sigmoid Vesical Fistula 
Ee Colostomy 
M. E. B. 58 F Hypotension, Fever, Lethargy, Rheumatoid Arthritis II 
ae o Apnea Necrosis of Hip 
J R.Y. 45 F Hypotension, Sepsis, Fever Laparotomy ITI 
ha ar a Gram Negative Sepsis 
os WB. 57 M Weakness, Vomiting, Weight Loss Metastatic Carcinoma of III 
er Prostate 
Epa T 3 * LCP. 17 M Chronic Iliness, Sepsis, Fever Portal Vein Hypertension Ill 


Meso-caval Shunt 


showed minimal tenderness in the epigastrium and to the right of the pathology. Electrocardiography on admission showed ST-T-U changes 
umbilicus. Bowel sounds were normal. No masses palpated. Laboratory 


across the anterior precordium, consistent with electrolyte imbalance. 
findings were normal. Urinalysis negative. The gallbladder demonstrated numerous small nonopaque calculi. Gas- 
_ X-ray examination of the chest showed no significant pulmonary 


trointestinal x-rays showed a small hiatus hernia. 
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TABLE 2. Plasma and Urine Steroid Data in patient G.S. with Addison’s 
Disease, Demonstrating Lack of Response to Intravenous ACTH 


Date Plasma Cortisol Urine 

A.M. P.M. 17-OHCS _17-KS 
2/4-2/8/68— Dexamethasone 0.5 mg q 6 hr. 
2/6/68 2.0 LA 732 
2/6/68-—-ACTH 50 u IV (8 hrs) 
2/7/68--ACTH 50 u IV (8 hrs) 2.4 (0.9) 11 A.M. 14 3.0 
2/8/68-—-ACTH 50 u IV (8 hrs) 7.1 0.7 4.1 


The nature of this patient’s weakness and vomiting were not recog- 
nized, Cholecystectomy was recommended and accepted. 

On 1-29-68 cholecystectomy was performed (ECW) without incident. 

During the early postoperative hours, emesis occurred. The patient 
became febrile to 40.2C (Fig. 1). Blood pressure was 98/70 mm Hg and 
pulse 96/min. Confluent pneumonitis in the right upper lobe was seen. 
Vigorous pulmonary toilet was begun with little change in temperature. 
She remained febrile and the blood pressure gradually dropped to 86/54 
mm Hg. Hematocrit was 42%. . 

The patient was transferred to the Intensive Care division. Penicillin 
and chloramphenicol had been started. The pulse continued rapid, the 
temperature near 40C and the blood pressure continued to fall to 50 mm Hg 
systolic. At 4:40 a.m. 250 mg of cortisol hemisuccinate was given in- 
travenously along with one unit of dextran. Serum electrolytes showed 
serum sodium of 119/mEq/L, potassium 4.3 mEq/L. The patient improved 
and she received another 250 mg of cortisol at 7:00a.m. Two hours later her 
temperature was 37C, pulse 104/min. and the blood pressure 120/80 mm 
Hg. Lethargy and occasional disorientation continued. She was continued 
on cortisol hemisuccinate, 50 mg every 6 hours. She was seen by an 
endocrinologist who made the additional observation that the patient had 
noted tanning of the skin the previous summer which had failed to lighten 
as usual. She had noticed deep pigmentation over the elbows and knuckles 
which became more prominent. 

Additional physical examination revealed increased pigmentation of 
the skin, especially of the elbows, dorsum of the hands and also in the 
gums. A presumptive diagnosis of Addison's disease was made and the 
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Fic. 2. Outline of clinical 37 
course with sepsis, fever 
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patient was further evaluated with determinations of plasma cortisols. and ` 

urinary 17-hydroxy corticosteroids (Table 2). f 
The patient was discharged on her 13th postoperative day, réceiving 


cortisone acetate 37.5 mg daily in divided doses, plus 0.1 mg of Pudrocor: ` 
tisone acetate daily. She has remained well. 


Comment a : 


In patient G.S. the diagnosis of Addison’s disease could: 
have been suggested on the basis of symptoms and abnor: 
mal pigmentation if the condition had been considered... 
She was admitted prior to our present practice. of: gi 
obtaining routine serum electrolytes on admission: Elec? * 
trocardiography, however, revealed suggestive change 
of electrolyte imbalance. — 

Another example of unrecognized Addisonian crisis is 
patient M.B. (Fig. 2) with sepsis following drainage of. a T 
pelvic abscess and colostomy for ruptured diverticulitis: | 
This patient had borderline adrenal function probably. sec. . 
ondary to tuberculosis prior to her acute illness andi incapa- i 
ble of normal response to sepsis and the surgery. Heré, the: 
adrenal hypofunction was manifested by a toxic psychosis, 
confusion and lethargy. Adrenal reserve, although. margi 
nal, allowed her to be discharged without exogenous 
steroids, but 15 days later she was admitted with frank 
adrenal insufficiency. Studies of her adrenal function are 
presented in Table III. — 

The following patient is ——— to demonstrate 
iatrogenic adrenal insufficiency. 


B.A. #684-637. Admitted on 12-2-56. This was the first. University a5 
Hospital admission of a 57-year-old female with a seven-year History of: l A 
polycythemia vera. Over the past three years she had received two ~ 
courses of radioactive phosphorus, as well as multiple venesections. One 
and one-half years prior to admission her hematocrit began to drop spon- 
taneously and her spleen began to enlarge. Immature granulocytes and 
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me “ auicleaied red blood cells appeared in the peripheral blood. Re» ently her 


“hematocrit began to fall more rapidly despite therapy with 159 mg cor- 


'atisöne’ daily. At the time of this admission the hematocrit was 18.5%. 
ae ‘Reticulocyte’ count 6.5%. White count 5,800/mm? with 10% >lasts. A 


diagnosis - “of agnogenic myeloid metaplasia with acquired emolytic 
Anemia i was made. 
On physical examination blood pressure was 140/80 mm Mig, pulse 


105f#nin. ‘and respirations 20/min. The patient was a slender, cl~onically 
3 ill; white female with pallor and weakness. Physical examinatiorrevealed 


hepatospleriomegaly. Bone marrow examination was consistem with ag- 


a “3 nogénic. myéloid metaplasia. Osmotic fragility of the red blood zellis was 
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On: J-13°56a splenectomy was done under continuous spinal anesthesia. 
"Throughout: the operative procedure the patient’s blood pressu= ranged 
from 160/50 to 150/80 mm Hg. Three hours after completion of th surgery 
“the patiént’ s temperature was 39.9C, pulse 124/min. and blood Dressure 
-,96180 mim Hg. Four hours later temperature was 39.4C, blood Dressure 
8/40, mm ‘He. She was nauseated and a nasogastric tube drained moderate 
.. amounts: ‘of gastric contents. She was transfused with whole bod and 
. “givenintravenous fluids. Blood pressure continued at hypotensi levels. 
"> Urifary output was scant. At 2:25 a.m. the following morning DO mg of 
— hemisuccinate was given intravenously with prompt nise>f blood 
pas and. a slowing of the pulse rate. By 7:00 a.m. the ~atient’s 
_ temperature, had returned to normal and pulse and blood pressure 
, fstibilized, The Témainder of her postoperative course was unever tful and 


i * Ashe was ‘continued on cortisone acetate. 


th ee Comment 


F his patient previously reported! represents an adrenal 


2 crisis brought ‘on by the simple error of omission in v riting 


,_postopërative orders in a patient known to be on costicos- 
*-tekoids: for the hematological disorder. Administraticn of a 


Sinele intravenous bolus of 100 mgreversed completely the 


__hypolensive-febrile crisis. It should be the responsibaity of 


a s 


SEEN 













(+) CRF. 
— ** 


Pituitary 
stalk 
Anterior 
= pituitary 
A TH + 
c7 (+) ACTH 
Therapy 


fas 
sas 


“Prednisone 


vy RENIN-ANGIOTERSIN 
fom (+) 


& ALDOSTERCNE 


- Fic. 3. Normal regulation of adrenocortical secretion. (“RF- 


corticotropin releasing factor) Note that pituitary insufficienc~ will 
have little effect on aldosterone secretion and that ACTH therapy, 
while causing adrenal hypertrophy, causes pituitary unresponsiveness 
to changing cortisol concentrations. 


HUBAY. WECKESSER AND LEVY 


Ann, Surg. + March 1975 
TABLE 3. Plasma and Urine Steroid Datain Patient M.B. Before and After 


Metyrapone and Intravenous ACTH Administration, Showing Limited 
Response to Endogenous and Exogenous ACTH* 


Plasma Cortisolt 


Date Urine 
A.M. P.M. 17-OHCSt 17-KS§ 

5/30/71 Admitted 
5/31/71 1.8 meg 
6/1/71 2.1 mcg 
6/13-14/71 5.5 0.8 
6/14-15/71 Metyrapone 

750 mg gq 4h x 6 2.1 1.4 
6/15-16/71 5.4 mcg 1.9 1.0 
6/16-17/71 ACTH 25 u IV/8 hrs 

0.5 mcg 0.5 mcg 1.0 0.1 

6/17-18/71 ACTH 25 u IV/8 hrs 0.4 1.9 


6/18-19/71 ACTH 25 u IV/8 hrs 3.6 mcg 4.3 mcg 


*Metyrapone selectively inhibits 11-betahydroxylation during steroid 
synthesis and is useful in the diagnosis of suspected hypopituitarism. 

tn=5-20 mcg/i00 ml. 

tn=4-]2 mg/24 hr. 

§n=4-17 mg/24 hr. 


the entire surgical team to ensure proper postoperative 
steroid support and look for this omission in the failing 
patient. 

Another patient, D.F. (Table 1) represents the hazard of 
allowing patient self-treatment, as there was confusion 
regarding his steroid therapy for arthritis. It was finally 
ascertained that prednisone had been stopped three 
months prior to admission, but had been used for a long 
period prior to cessation. He may represent an ACTH 
deficiency as pointed out by Danowski.° Sepsis and surgery 
precipitated adrenal crisis. Inadequate preoperative prep- 
aration with steroids and no steroids postoperatively were 
errorsintherapy. Nausea, vomiting, abdominal distention, 
weakness and lethargy, hallmarks of adrenal insufficiency 
reversed rapidly with resumption of steroid therapy. 

Patient M.E.B. (Table I) represented a severe arthritic, 
who, taking more steroids than her physician prescribed, 
suffered hypotension, fever, lethargy and apnea, thought 
to be secondary to gram-negative sepsis, when low oral 
doses were given. Recovery was prompt after intravenous 
use of corticosteroids and continued with adequate doses 
of oral steroids. The mechanism here is undocumented, but 
may be a combination of ACTH depression by exogenous 
steroids (Fig. 3) and inadequate steroid administration after 
admission to the hospital. 

The following patient, R.Y., illustrates a category [I 
type, in whom adrenal failure may have contributed to lack 
of clinical responsiveness by one of séveral possible 
mechanisms. 

R.Y. #966-109. Admitted on 6-21-73. This was the second hospital 
admission of this 45-year-old female who was seen in the Emergency Ward 
on the evening of admission after being transferred from a nursing home. 


The history obtained was that the patient had been alert and well until 
shortly before the evening meal, when she developed acute, severe, 
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abdominal pain and sudden collapse. On arrival in the Emergency Ward 
she was obtunded, but was able to answer simple questions. Her past 
history revealed that she had been thought to have multiple sclerosis since 
July, 1971 and had previously been admitted for evaluation in March, 
1972. Numerous studies were done, following which she was discharged 
to an extended care facility with the diagnosis of multiple sclerosis. She 
was next transferred to a nursing home on hydrochlorothiazide 50 mg 
daily, KC! elixir 20%, ACTH gel 10 units twice-daily. 

Temperature on admission was 39.8C. P. 132/min. B.P. 160/40 mm Hg. 
Hematocrit 40%. White count 18,700/mmë with a shift to the left. Physical 
examination revealed heart and lungs to be clear. The abdomen was 
distended, rigid and silent. Pelvic and rectal examinations were unre- 
markable. Stool was negative for occult blood. A Foley catheter was 
placed and yielded only 10 ml of urine. Urinalysis revealed many white 
cells and red cells. Serum electrolytes revealed a sodium of 150 mEq/L, 
potassium 1.7 mEq/L, chlorides 85 mEq/L, CO, 42 mmoles/L, glucose 265 
mg/100 ml, BUN 23 mg/100 ml, and abdominal and chest films revealed 
only a distended stomach without evidence of free air. 

It was the impression of the examining physicians that she had a perfo- 
rated viscus. Atlaparotomy noabnormality wasfound. During the surgery 
great difficulty was encountered in maintaining the blood pressure, requir- 
ing vasopressors and she was given 250 mg of cortisol hemisuccinate. It 
was thought that her lack of response was secondary to gram negative 
sepsis of the urinary tract. Urine culture revealed over 100,000 colonies of 
Coli aerogenes. She was started on penicillin and chloramphenicol post- 
operatively, as well as cortisol hemisuccinate 100 mg every 6hrs. Temper- 
ature remained elevated and she remained hypotensive, requiring large 
infusions of fluids with vasopressors. With an episode of pulmonary 
edema, she was digitalized. The diagnosis of relative adrenal insufficiency 
was postulated and she was given increasing amounts of cortisol. She 
improved and temperature returned to normal. She was restarted on 
ACTH gel 15 units t.i.d. and was discharged improved on her 17th post- 
operative day. 

' This patient, receiving ACTH for multiple — was admitted with 
fulminating gram negative sepsis of urinary tract origin, and probably had 
chronic hypercorticism on admission, but this was not documented. She 
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longed ACTH administration rather than true adrenal failure. Although ` 


Fr 


represents hypothalmic-hypophyseal insufficiency produced a pro» 


400 mg/24 hrs. of cortisol should have been adequate for physiologiéal* irs 


replacement, the need for additional amounts, given along. with other 
therapeutic measures, is difficult to evaluate. With severe, Sepsis; I 

creased amounts of steroids are sometimes needed, and for” a! — 
period, before stabilization is observed. — 
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Hypofunction of the adrenal cortex 1s brought about ‘bya. a, 
number of mechanisms involving destruction of adrenal: 


tissue. These include granulomatous infections, .autoim= 


2 
ene. 


mune atrophy, adrenotoxic drugs, such as O,P’ DDD; ‘ing: 
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born errors of metabolism, ACTH deficiency, metastatic Sy 
tumors, amyloidosis, adrenal hemorrhage such as seen in. ie 
the Waterhouse-Friderichsen syndrome, anti-coagulant, — 


therapy,* and iatrogenic suppression. Danowskiſ and: — 


Liddle” point out that a brief (up to several weeks) ad:, 


ministration of pharmacological doses of cortisol or.syn¢ ; 


thetic glucocorticoids results in a prompt suppression; of — J 


ACTH secretion which will recover rapidly; afterkthe 7 


exogenous steroids are withdrawn. If, however, long) terme": — 


therapy of a year or more has been used, then a true defi 


ciency of ACTH occurs, which may persist for many: “weeks 


after the hypercorticoid state itselfhas been corrécted: ‘The . 


subsequent adrenal responsiveness lags behind: the -re- 
sumption ofnormal ACTH production by several weeks: In 


general, the longer and the more intense the- exogenous , 


corticosteroid therapy, the more likely the. patient is" ‘to: be- ; 


dependent on steroids after their cessation. — 
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— and the usual abnormal findings in Addison's 
crises. In addition to the classical symptoms of cortisol 
—— exhibited by several of the patients in the 
`- preceding case summaries, a variety of central nervous 
= system symptoms can be observed, such as mania, 
` paranoid psychosis, acute brain syndrome and so-called 
„toxic Sy CLOSES: Thisi is particularly well illustrated by case 


e. y ta 


— ith clinical deterioration manifested by increased fever, 


- hyponatremia and circulatory collapse. Her mental aberra- 
tidns-and toxic delirium took several days to clear after 
steroid replacement. 

The role ofsepsis, particularly ofthe gram-negative type, 
Or. steroid metabolism has been reviewed by Beisel and 
“Rapoport. ? They point out that interpretation of changes in 


— serum cortisol* during infection must include.a considera- 


OTE ‘of: diúrnal periodicity, plasma protein binding factors, 
arid’ ‘changing rates of both steroid secretion and degrada- 


“ton. During uncomplicated acute infectious illness, the 


earliest’ measurable change in plasma hydroxycorticos- 
_teroid (17-OHCS) is the loss of diurnal variation. Under 


— situations of acute infection, cortisol secretion rates are 


‘shown to be increased 1% to 6 times normal. In chronic 
illnesses, adrenocortical secretion is generally depressed, 
although most data are based on the studies of patients with 


tuberculosis. The exact mechanism is not known. It is not- 


related to destruction of the adrenal cortex except in un- 
usual circumstances by metastatic tumor or amyloidosis. 
Plasma cortisol levels are noted to be elevated in acute 
surgical stress, severe infections and infection-induced 
shock: 18-17 Done? has pointed out that plasma cortisol levels 
increased progressively during the agonal periods in acute 
: fatal illnesses. In moribund patients, it has been noted that 


> degradation of plasma cortisol was shown to be delayed at a 
time when plasma 17-OH corticosteroids could be raised. 


still further by ACTH administration.?5 Changes in 
peripheral cortisol metabolism during infection, therefore, 
“may. involve mechanisms distinct from those involving de- 
“essed activity of hepatic enzymes. 

Hemmorrhasic necrosis of the adrenals during acute 
$ meningitis has long been observed and is accompanied by 


r “£]Jow plasma cortisol values.!! Bacterial toxins, 


anaphylaxis, generalized toxemia, endotoxin, in combi- 


nation with epinephrine, and the Shwartzman reaction 
have all been implicated in the pathogenesis of hemor- 
; n rhagic adrenocortical necrosis. It may also be a local 
-$e manifestation of disseminated intravascular coagulation 
-in“the presence of shock. Melby! demonstrated that 


large doses of bacterial endotoxin produced a maximal 
increase in glucocorticoid secretion. Normally ACTH 
secretion by hypophyseal mechanisms in surgical stress 


*In this paper we use ‘‘plasma cortisol’’ and ‘‘serum cortisol’’ inter- 
changeably because comparable results are obtained from both sources as 
long as red cells are removed promptly. 
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appears to take precedence over the normal feedback 
regulatory control. Pituitary stimulation may, however, 
be less than maximal during chronic infections or over- 
whelming sepsis, for in both, an additional adrenal re- 
sponse may be elicited by exogenous ACTH. The 
mechanisms through which an infectious process, a 
bacterial pyrogen or exogenously produced fever serves 
to stimulate hypophyseal centers remains unknown. It 
may require mediators released from cells such as leuko- 
cytes. u 

Patients with a variety of acute generalized infections 
show a relatively limited transient increase in the adrenal 
output. Less is known concerning the serial progression of 
adrenal changes asan infectious illness persists or worsens. 
A depression of adrenal secretion or lack of responsiveness 
to ACTH may develop.during severe or prolonged infec- 
tion. High plasma cortisol levels found during septicemia, 
secondary to gram negative organisms, results principally 
from a failure in hepatic clearance and metabolism, rather 
than from any extraordinary increase in adrenal secretion.” 
Braunstein and Yamaguchi? demonstrated cortisol lipid 
depletion commonly found in patients severely stressed. 

Oaks,” Lillehei, *44 Deitzman,® Spath,?” Weil,?%?° 
Alho,’ Rokkanen,™ and others*®!1/!%22-23 have postulated 
the mechanisms of action of the corticosteroids in shock 
and sepsis. Lillehei presents evidence that the corticos- 
teroids cause vasodilation in gram negative shock in 
several ways: 1) by slowing nerve impulse transmission 
in postganglionic sympathetic nerves; 2) by preserving 
the integrity of small vessels avoiding leakage into the 
microcirculation; and 3) by decreasing platelet adhesive- 
ness and preserving their integrity, an important factor in 
preventing or correcting stagnant anoxia in the microcir- 
culation. He. also points out that almost always in shock. 
the adrenal cortex responds with increased cortisol out- 
put for physiologic needs, just as the adrenal medulla 
increases its epinephrine output. For therapeutic ma- 
neuvers, however, large doses of steroid are needed. 
These authors also point out that methylprednisolone 
potentiates the effect of isoproterenol and the treatment 
of shock requires dosages in the order of 30 mg/kg 
repeated in 2-4 hours. Spath?’ in an experimental study in 
dogs revealed that glucocorticoids did not prevent 
splanchnic vasoconstriction, but appeared to stabilize 
lysosomal membranes preventing lysosomal release of 
acid hydrolases and other proteolytic enzymes. They, in 
contrast to Lillehei and others, could not demonstrate 
vasodilatation or a positive inotropic effect. Rokkanen™ 
studied 29 patients in shock with severe trauma, of whom 
one-half received in a random fashion, pharmacologic 
doses of methylprednisolone. Although the steroid 
treated group demonstrated hormonal effects, such as 
elevated glucose levels, diminished sodium and sodium- 
potassium ratio in the urine, and possible increased 
catabolism, the only significant therapeutic difference 
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between the groups was a diminished incidence of fat 
embolism in the steroid treated group. In another study, 
Alho, Motsay and Lillehei! stressed that the modifying 
effects of the treatment of shock with glucocorticoids on 
the lysosomal enzyme changes may be due to improved 
capillary profusion or membrane stabilization. Schumer?’ 
measured the release of histamine from mast cells ex- 
posed to endotoxin and proposed that steroids exert their 
effect by interfering with the endotoxin-induced immune 
reaction by decreasing either complement or complement 
fixation, thus preventing the production of anaphylatoxin 
or other shock toxins. Lefer'! has recently demonstrated 
a myocardial depressant factor (MDF) in the blood of 
shock animals, thought to be a biologically active peptide 
released by hypoxia and ischemia from the pancreas. 
Glucocorticoids are thought to have a potentially benefi- 
cial effect by preventing lysosomal disruption and the 
formation of MDF. 


Evaluation of Adrenal Insufficiency in Surgical Patients 


Because it is a rare disorder, it is not surprising that 
adrenocortical insufficiency is not considered more often 
in a differential diagnosis. Patients should be questioned 
- and examined for evidence of tuberculosis, autoimmune 
diseases, deficiencies ofthe pituitary-target organ axis, and 
a history of chronic therapy with steroids in the past two 
years. 

Whenever adrenocortical insufficiency is — a 
serum sample for cortisol determination should be ob- 
tained before therapy. A low value in an already stressed 
but untreated patient virtually establishes the diagnosis. 
Under less urgent circumstances a fasting early morning 
serum cortisol determination, followed by an intravenous 
injection of 0.25 mg of Cosyntropin, with a second serum 
cortisol drawn exactly 30 minutes later, will help establish 
the diagnosis.” In normal persons, the test produces at 
least a doubling of the serum cortisol, while there is little or 
no response in a patient with primary adrenal failure. 

If adrenal failure secondary to hypopituitarism is sus- 
pected, more elaborate testing will be needed. This may be 
delayed until after necessary medical and surgical treat- 
ment has been given. A chronically unstimulated normal 
adrenal may require 3 days of corticotrophin stimulation. 
After this a metyrapone test will establish whether or not 
the pituitary can increase its secretion of ACTH (Fig. 1). 

It should be emphasized that a pretreatment serum cor- 
tisol should be obtained whenever possible. If the serum is 
separated from the whole blood promptly, the test will be 


valid even if the sample has to be kept ina refrigerator for a. 


week-end or mailed to a distant laboratory. 

Because it is of lifelong importance to the patient, a 
precise diagnosis of adrenal function should be made 
whenever possible. 
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Therapy 


Fortunately, adrenal dysfunction is rare and its therapy $ 


specific, but in life-threatening situations the surgeon must. 
be able to utilize therapeutic maneuvers to allow his patient. :’ 
to withstand the stress of infection and surgery by effective ” 


preoperative preparation, steroid maintenance: — 


surgery and on into the postoperative period. — 
In endotoxic shock, the data of Weil?®*° indiéate ihat 
early therapy is important. In the human situation there is. - 


usually continued liberation of endotoxin. Here, corticos-" . 


teroid therapy should be undertaken even though the.time 
of initiation is later in the course of the disease: Phar- 
macologic doses of corticosteroids are required. < ` -5 

In non-emergency situations for patients with partial or. 
complete adrenal insufficiency, repair of hypovolemia; 
hyponatremia and hyperkalemia should be begun: prompts, 
ly. Large doses of cortisol given initially (200-300.mg daily, - 
beginning with 100 mg intravenously) will have sufficient. | 
mineralocorticoid effect, but as physiologic doses. of the 
glucocorticoid are reached, a mineralocorticoid should ‘be 
added. Fludrocortisone ts the drug of choice to correct the 
lack of normal aldosterone secretion. When aldosterone 
secretion is adequate, as in pituitary insufficiency, only 

cortisone will be needed. 
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Edited by Gerald W. Shaftan, M.D. 
and Bernard Gardner, M.D. 


This new manual, packed with clinical data in 
easy-to-use outline form, is designed for instant 
use in helping you evaluate the surgical emergen- 
cy, make the diagnosis and carry out the indi- 
cated treatment. 


Divided into two broad categories of traumatic 
and non-traumatic surgical emergencies the book 
systematically covers: Techniques of evaluating 
the patient and applying diagnostic criteria... 
Radiologic procedures that are necessary .. . 
Anesthesia considerations . . . Fluid and electro- 
lyte replacement. 
The patient evaluating techniques, diagnostic 
steps and surgical treatment are presented step- 
by-step with each individual entry numbered for 
simplicity. 
Subject matter includes emergencies occurring in 
the areas of general, orthopaedic, neurologic, 
ophthalmic, thoracic, plastic, urologic, head and 
neck, and pediatric surgery. 
All who are involved in surgical emergency 
treatment will appreciate this easy-to-use, time- 
saving manual. 
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View wound through Access Cap. Remove cap for 
wound examination and drain tube adjustment. There is 
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Supplied sterile, for application in O.R. or patient's room 
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FERGUSON’S SURGERY 


OF THE AMBULATORY PATIENT 


Edited by Mark W. Wolcott, M.D. 


Here is the fifth edition of a clinically oriented volume 
providing a clear “how to do it“ approach covering 
most of the simpler conditions of the skin, bones, 
joints, and bursa in a succinct, easy-to-follow style. 

For this revision the material on fracture and on soft 
tissue is consolidated, making reference to this infor- 
mation much easier. New chapters include 
Cryosurgery, and Shunts and Fistulas for 
Hemodialysis. Ambulatory Gynecology is a new sub- 
ject to this edition, and the chapter on Snake Bite and 


Insect Bites is totally rewritten and enlarged. 

This popular volume has served as a guide to the 

doctor in the subject of “minor surgery" for more than 

thirty years. 

Surgery, Gynecology and Obstetrics said of the previ- 

ous edition: “This book covers the field . . . admirably, 

and it is an invaluable work for every surgeon who 

treats patients in his office.” 

554 pages / 408 illustrations / 5th Edition, 1974 
Flexible binding, $27.00 
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etiology, pathology, signs and symptoms, laboratory 
tests and such sophisticated modalities as u/trasound 
flow detectors, angiography, phlebography, differen- 
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tial diagnosis, treatment and prognosis. 

The authors provide critical assessment of long-term 
results of arterial reconstruction in various anatomical 
situations, based on their appreciation of current vas- 
cular surgery. 

a a pleasure to read. It is of particular value to the 
surgeon interested in vascular disease, but it is also an 
excellent review book for all interested in newer trends 
in vascular surgery." —The Lancet. 
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Postop Pain 





Surgical aftercare can be smoother with morphine sulfate and pentazocine. It has no 
Vistaril I.M. (hydroxyzine HCl). Ithelpsallay significant depressant effects on respiratory or 
the excessive anxiety that can heighten the circulatory function and often reduces post- 
patient’s perception of pain, and helps assure operative emesis. 
calm and cooperative patients. Vistaril I.M. It is physically compatible with most 
also helps minimize secondary postoperative commonly used analgesics, and can be mixed 
complaints, and often relieves postoperative with them in the same syringe. 
confusion. Alone, or as an adjunct for use in the man- 

Vistaril I.M. may enhance the effect of agement of postoperative pain, the maximum 
injectable analgesics, such as meperidine, recommended dosage of Vistaril I.M. is 100 mg. 

While the analgesic dosage needed will usually 


uge be reduced, the actual dosage of Vistaril I.M. 
should be titrated against the individual patient’s 
clinical response. 

€ w 
e 
(hydroxyzine HCI) 


100 mg./2 ml., 50 mg./ml. and 25 mg./ml. Pfizer LABORATORIES DIVISION 
Vials and Isojects: PFIZER INC 
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Piease see Brief Summary on following page for contraindications, precautions and adverse reactions. 
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Vials and Isojects” 


helps relieve the anxiety associated with 
postoperative pain 

may enhance narcotic effect 

offers proved antiemetic action 
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Brief Summary 

VISTARIL® (hydroxyzine hydrochloride) Intramuscular Solution 

For Intramuscular Use Only 

Contraindications: Hypersensitivity to hydroxyzine. The solution fo: 
intramuscular use must not be injected subcutaneously, intra-arterially, 
or intravenously. 

Hydroxyzine, when administered to the pregnant mouse, rat, and 
rabbit, induced fetal abnormalities in the rat at doses substantially above 
the human therapeutic range. Clinical data in human beings are 
inadequate. Until adequate data are available to establish safety in early 
pregnancy, hydroxyzine is contraindicated during this period. 
Precautions: Hydroxyzine may potentiate the action of central nervous 
system depressants such as narcotics and barbiturates. In conjunctive 
use, dosage for these drugs should be decreased as much as 50%. 
Because drowsiness may occur, patients should be cautioned against 
driving a car or operating dangerous machinery. The usual precautions 
for intramuscular injection should be followed; soft-tissue reactions 
have rarely been reported when proper technique has been used. 
Hydroxyzine intramuscular solution should be injected well within the 
body of a relatively large muscle. In adults, the preferred sites are the 
upper outer quadrant of the buttock (i.e., gluteus maximus), or the mid- 
lateral thigh. In children, preferably the mid-lateral muscle of the thigh. 











In infants and small children, the upper outer quadrant of the gluteal 
region should only be used when necessary, as in burn patients, in ordei 
to minimize the possibility of damage to the sciatic nerve. The deltoid 
area should be used only if well developed, such as in certain adults an 
older children, and only with caution to avoid radial nerve injury. 
Injections should not be made in the lower and middle thirds of the 
upper arm. Aspiration is necessary to help avoid intravascular injection. 
Adverse Reactions: Drowsiness may occur; if so, it is usually transitory 
and may disappear in a few days of continued therapy or upon dosage 
reduction. Dryness of the mouth may occur with higher doses. Involun- 
tary motor activity, including rare instances of tremor and convulsions, 
has been reported, usually with higher than recommended dosage. 
Supply: Vistaril (hydroxyzine HCl) Intramuscular Solution: 25 mg./ml.— 
10 mi. vial; 50 mg./m!l.—2 ml. and 10 ml. vial; lsoject®, 25 mg./ml. and 
50 mg./ml., 1 mi. fill; 100 mg./2 ml., 2 ml. fill 

Military Depot: NSN 6505-00-052-1367 (50 mg./ml., 10 ml. vial) 

VA Depot: NSN 6505-00-052-1367B (50 mg./ml., 10 mi. vial) 


More detailed professional! information available on request 
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Complete healing after 23 days 
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XEROFORM Dressings 


A XEROFORM Petrolatum Gauze Dressing with 3% Bismuth 
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ings Hip promote epithelial cell proliferation 

Human study’ In evaluating the effects of silver nitrate and Sulfamylon" on 
the epithelization of skin graft donor sites. Bellinger and Conway found that 
both agénts caused delayed healing when compared to the contro! 
XEROFORM, XEROFORM was used as the control because. in their experi 
-no environment has been shown to result in faster spread of 
anothelium*.""' 


Animal Study’ * Using Sprague-Dawley rats, another group of investigators 
Studied the effect of various topical dressings on donor site epithelization 
They concluded: all dressings were superior to the control (exposure to air) 
and “Scarlet Red and Xeroform were statistically superior to all other dress 
ings [studied] (P< .05)!"* t 















dition, published data indicate that XEROFORM Dress- 
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Dry gauze dressings that stick to 
the wound can hurt and can 
damage new tissue 


Nonadhering XEROFORM Dressings 
help prevent painful reopening 

of wound surface — help prevent 
scarring and infection 


A nonadhering XEROFORM Dressing reduces pain and 
trauma during dressing change. It clings and conforms to all 
body contours—yet avoids sticking. So it lifts off easily and 
comfortably 

While it's on, a XEROFORM Dressing helps protect the 
wound from environmental contamination; helps prevent 
unnecessary loss of body fluids 

XEROFORM Dressings are conveniently packaged in peel- 
able foil envelopes, with overwrap available for operating room 
use. Guaranteed sterile 

Sizes: 1" x 8" strips (regular and overwrap), 5” x 9” strips 
(regular and overwrap) and 4" x 3 yd rolls (regular only) 


"Animal data are not intended to imply the same effect in humans. Human studies 
are now under evaluation 
tBoth SCARLET RED and XEROFORM are nonadhering dressings from 
Chesebrough-Pond’s inc 
1. Bellinger. C. G. and Conway, H 
2 Salomon. J.C 


Piast Reconstr. Surg. 45:582. June 1970 
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Abdominal Aneurysm and Horseshoe: Kianey:. 


— Two patients with aortic abdominal aneurysms in association with 


horseshoe kidney are presented, making a total of 34 cases recorded 
in the literature. In 29 patients, the aneurysm was resected and five 
patients were non-resectable. Because of the abnormalities in vascu- 
lar supply to the abnormal kidney, it is important to diagnose the 
combination of aneurysm and horseshoe kidney preoperatively. An 
error in diagnosis should be unusual if an intravenous pyelogram is 
routinely obtained on all patients. This study may reveal abnor- 
malities which will allow the diagnosis of horseshoe kidney to be 
made or suspected. If the intravenous pyelogram is abnormal, it 
should be followed by an aortogram. This may substantiate the 
diagnosis of aneurysm and horseshoe kidney and provide the neces- 
sary detailed information regarding the pattern of blood supply and 
its relationship to functioning tissue. The amount and disposition of 
functioning renal parenchyma may be further amplified by renal 
scan. If this sequence is followed, the unanticipated combination of 
abdominal aneurysm and horseshoe kidney should be rare. 


A‘ EXTENSIVE REVIEW of the literature has yielded 
only 32 cases of abdominal aortic aneurysm and horse- 
shoe kidney. As the incidence of horseshoe kidney occurs 
in one to.600-1800 individuals,” it is probable that this 
combination has been encountered more frequenily than 
these numbers indicate. Often, the first experience, is un- 
anticipated and withouta full appreciation ofthe difficulties 
which may be encountered. . 

The purpose of this report is to relate two new patients 
and to summarize the collected experience to help clarify 
the difficulties in preoperative diagnosis, decisions regard- 
ing resectability, preservation of renal function and blood 
supply and surgical management of the fused kidney. 


Case Reports 
Case 1. U.H. #03-75-86. E.W., a 68-year-old retired carpenter, was 


Submitted for publication July 29, 1974. 
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referred for an abdominal aneurysm found on routine physical ex amina- 
tion two to three months prior to admission. There had been no symptoms 
referable to the aneurysm. A 10-year history of hypertension had been 
under treatment for three months. On physical examination, the blood 
pressure was 145/85, pulse 88 and regular with respirations of 18. A 
palpable, pulsatile, abdominal mass was noted to the right of the midline, 
without tenderness or rebound. In addition to hypertension, the patient. 
exhibited emphysema and possible diabetes. In July, 1963; the Patient - 
underwent laparotomy for abdominal aneurysmectomy: : a oy 


Ser 5 


At operation a horseshoe kidney was found fused over thie bifreatiog oft 5: 
the aorta. From the common iliac, slightly to the left of the crates’ ofthe * 


normal bifurcation, there was a rather large renal artery ‘stippiting: the — 
inferior pole of both kidneys. There was a whitish area in the- —— — — 


i 


of the fusion of these two kidneys suggesting a relatively avascular area. 
The ureter could be identified on the left retroperitoneéally, insthe asjal” 


position, but posterior to the isthmus of the horseshoe attachmeitt; Mex a 
right ureter was not well seen. The renal arteries- could be palpated * — 


superiorly, but were not directly visualized. Both renal veins were viss- 
ualized and not disturbed. The horseshoe kidney was divided.at the: lower 
poles, taking care to distribute the blood supply from the ACCeSSCTY, senna 


— * 


artery to both lower lobes in what appeared to be an equitable fashion: The: rae 
two sides of the transected kidney were oversewn witha double row. — — 


plain catgut which controlled all bleeding. The aneurysm was exciséd ‘and * a ‘ 


replaced in the usual fashion with a 22 mm Dacron graft. The. Surfaces’ of) 
the transected kidneys were covered by means of retroperitoneal tissue” 
and the posterior peritoneum was closed. The patient remained well: 
following discharge 13 days postoperatively until his death 10 yeas later of 


carcinomatosis secondary to carcinoma of the lung. À — 

Case 2. U.H. #18-65-81. H.S., a 69-year-old man, had been seen bya ain”: — 
osteopath for several months for left thigh pain. After a particulardy severe 
episode, he saw a chiropractor who, obtainedx-rays and told the patient he a 
had an abdominal aneurysm. He was advised to see a physician, :and-a* 


ow 
— 


a 


e 


— 
* rn 
+e 


surgeon, who, after obtaining an aortogram, found that the -patient's +. ` 
abdominal aneurysm was associated with a horseshoe kidney. Two renal . 
arteries were noted to each kidney, and there was some questior. whether ` 


the left renal arteries arose from the aneurysm. An exploratory 
laparotomy was performed in June, 1971, approximately four months after 
the initial x-rays. After a lengthy dissection, several vessels werz noted to 
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arise from the aneurysm and no further procedure was attempted. Post- 
operatively, the patient was seen at three-month intervals. After six 
months, the aneurysm, though asymptomatic, was noted by x-ray to have 
increased in size. The patient was admitted to the University of 
Washington Hospital for consideration of further surgery. Blood pressure 
was 120/95 with good femoral pulses. The abdomen was soft without 
tenderness or guarding. A firm, pulsatile mass was noted to the left of the 
umbilicus. The remainder of the examination was not unusual. Labora- 
tory data was not remarkable. A repeat aortogram was compared with 
the aortogram taken six months previously, and revealed a total of five 
blood vessels to the main bulk of the renal parenchyma.” An accurate 
definition of the origin of these vessels from the aorta relative to the 
aneurysm, was difficult, although it was tentatively concluded that at 
least three came from the bulk of the aneurysm. Having discussed all 
possibilities with the patient, an exploratory laparotomy was under- 
taken in February, 1972. 

Because of previous retroperitoneal dissection, the operation was dif- 
ficult and tedious. Because of the aneurysm’s bulging to the left, the left 
colon was completely mobilized medially, and dissection of the rena} 
capsule was performed. A number of renal arterial vessels were identified. 
The proximal two right renal vessels were above the aneurysmal portion of 
the aorta. The remaining three vessels, of which only two could be iden- 
tified, were seen to arise from beneath the isthmus of the kidney and from 
the aneurysm. 

A splenectomy was performed in an attempt to mobilize the splenic 
artery to have it provide the arterial supply to at least one of the renal 
vessels coming from the aneurysm. This approach had to be abandoned 
because of the patient’s obesity and inadequate length of the splenic 
artery. 

The isthmus of the kidney was 2-2.5 cm in thickness and was obviously 
functioning parenchymal tissue. An attempt to mobilize the inferior por- 
tion of the kidney to approach the vessels from beneath was limited by the 
presence of the ureters which arose and descended anteriorly. Anattempt 
to mobilize the right side of the horseshoe kidney for renal artery access 


was impossible because of multiple renal veins exiting to the right towards ; Se 


the inferior vena cava. After a prolonged and extensive dissection, it was» “ 


felt that because of the difficulty of aortic access combined with ` in- 
adequate control of possibly serious blood loss plus the risk to renal: 
function (both from interference with arterial and/or venous patterns): ihat? 
removal of this aneurysm was not warranted. This had been discussed 


desire to go through the rigors of renal dialysis with possible renal trais: 7 
plantation if the aneurysm could not be resected without undue risk to the 
kidney. Pa 

The postoperative course was complicated by a left subphrenié Pollese: 
tion of pancreatic juice which was drained via a left subcostal app-oach’. . 
This drained intermittently for a prolonged period before it — The, 
patient remains asymptomatic to date. 


Comment See gt 


These two cases represent the extremes which mày be” 
encountered. Case 1 represents the ideal situation’ for, è 

‘*cure, 
tion. 


Review of the Literature 


An analysis of these two cases together with the 32 cases 
previously reported in the literature was felt necessary in 
order to obtain some concept of the variations which one: 
might anticipate with this combination of lesions. 7 

Inthe collected series, the average age of the patients was 
60 years, ranging from 48 to 76 (age was not recorded in 3 
patients). Symptoms were nota prominent part of the clini- 
cal picture. From the data available, no correlation with 
hypertension could be made. The diagnosis preoperatively 
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was made in 20 of 34 cases. The association of horseshoe 
kidney and aneurysm was known in 3 of 5 unresected cases 
and 17 of 29 resected patients. 

Surgical exposure of the aneurysm was facilitated by 
division of renal substance in 11 cases; the kidney was not 
divided in 20 patients. In one case, ligation ofan anomalous 
artery resulted in cyanosis of the left half of the kidney 
which was then resected:® In one case, division of an 
anomalous artery to the isthmus resulted in localized 
cyanosis. The isthmus was then divided. "3? Cyanosis was 
ignored following division of an anomalous artery in one 
case and the scan later showed normal function.**? In those 
aneurysms not resected, the kidney was divided only once 
to facilitate wrapping of the aneurysm with mersilene.™ 

The right renal artery was normal and above the 
aneurysm in 25 of 34 cases. In three additional cases, it was 
not specifically recorded, but because the aneurysm was 
resected, the artery was probably in normal position. In 
two instances, a main right renal vessel did not exist; the 
multiple vessels were all of small size.!!° In one case, the 
right renal artery arose from the right iliac artery. In only 
one instance did a single right renal vessel arise from the 
aneurysm supplying the major portion of the right kid- 
ney.! A low takeoff from the aorta but above the 
aneurysm, was recorded in one case and a single trunk, 
later branching to supply the two halves, was ‘also 


noted. 84.218 
The left renal artery was somewhat more variable with 


22 of 34 in normal position above the aneurysm and three 
probably above but without specific mention. Three left 
renal arteries arising from the aneurysm required 
reimplantation.!®°:3¢ Two left renal arteries arose from 
the left iliac artery.®-45* On only one occasion did a main 
left renal vessel require reanastomosis from below the 
aneurysm to the graft. The kidney in this patient was 
divided.18¢ 

In 18 of 34 patients no anomalous vessels were reported. 
In two additional cases, there were no records, but pre- 
sumably no anomalous vessels were present. While the 
main right or left renal artery may have been anomalous, 
there were no other anomalous vessels. Separate vessels 
to the isthmus were found in six patients; in three patients 
these vessels were sacrificed. On one occasion, the total 
blood supply consisted of a single renal vessel arising from 
the aneurysm, dividing to supply all portions of the horse- 
shoe kidney. In two instances, the renal blood supply 
consisted of multiple, small vessels; no specific right or 
left main renal vessel could be identified ,!!° On five occa- 
sions, there were other anomalous vessels to other por- 
tions of renal parenchyma; on three occasions, these:ves- 
sels were divided; in two instances they were left intact. In 
only one patient was a vessel anastomosed other than the 
main right or left renal artery.?9 

Resection was not attempted in five patients for the 
following reasons. In one instance a single trunk from the 
aneurysm split to supply both halves.® One patient had the 
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chyma arising from the aneurysm in the presencé of an 
isthmus which was obviously functioning.” Obviously, 
complicated vascular supply to important portions of renal’ 
parenchyma raises concern regarding aneurysmal, resec: 


tion which may destroy significant amounts of renal paren- . 


chyma or create renovascular hypertension. spintu 
The length of followup in all cases varied from 10daysto6 
years. The longest followup was ina non-resected patient.’ 


There were no recorded deaths for non-resected patients, 
however, there was followup ononly three of ue patients. 


Discussion 
Variations in the vasculature ofthe horseshoe kidney are. 


numerous. Consequently, contemplated resection of andi: 


abdominal aneurysm in association with a horseshoe kidi 
ney poses special problems which in the patient’ s best” 
interest should be identified prior to exploration. First con- 
sideration must be given to the avoidance of the unantici- 
pated combination at laparotomy. 

Ordinarily, the presence of an abdominal pulsating mass 
in the asymptomatic patient, a negative chest x-ray to- 
gether with AP and lateral films for spine detail showing 
the typical calcium pattern is adequate for thè diagnosis: of” 


an aortic abdominal aneurysm. Since about 99%: ‘of: such 5 * 


© 339. 
major blood supply to the right any arisitig ‘front the _ 
aneurysm which accounted for 80% of the reyal sub-: + 
stance. Two patients exhibited multiple smaller Véssels — 
from the aneurysm;!"!° and an additional patient had’ thrée j 
major vessels supplying major portions of renal pafen- - 


aneurysms occur below the renal arteries, -the. surgeon | 


may feel confident in advising surgery for the appropriate , 


patient without further study. In balancing the possible’ 


value of additional information gained versus the expense., - 


and morbidity of aortography either by femoral or lumbar . 


approach, it may be reasonable to proceed without further 
study where the diagnosis and extent of aneurysm is notin, 
question. The authors subscribe to the philosophy. that 
aortography should be reserved for special situations, 


However, an intravenous pyelogram should be an integral’. . 
part of the preoperative evaluation for Si: re A 
aneurysm. The diagnosis of horseshoe kidney can. almost.” .; a 


always be made by an intravenous pyelogram. Additional- ` 


ly, it is a reliable test for gross renal function and gives i 


valuable information about the distribution of functioning”. 


renal substance, and the course of the ureters. If the IVP is E i 
abnormal, an aortogram should be done. While not in ^+ 


keeping with our experience, up to 50% of IVP’s in the 
presence of aneurysm have been described as abnormal.”8 
While this sequence of workup should largely avoid the 
intraoperative diagnosis of this anomaly, it is not infallible. 
In the collected series, the diagnosis of horseshoe kidney 
was not made in 5 despite instances of obtaining an in- 
travenous pyelogram. However, of these 5 patients, the 


. tg 
v, 
ba. 


diagnosis was renal malrotationinthreeand misinterpreted . 


as normal in the 4th patient. In the remaining patient, the 
diagnosis was missed despite the fact that both an intraven- 


£34022 | 
ous pyelogram and an aortogram had been carried out. The 
intravenous pyelogram revealed renal distortion and dis- 
i ‘placement, but the diagnosis of horseshoe kidney was not 
. made. In only one patient in the entire series was the diag- 
nosis ‘made without the benefit of an IVP. The aortogram 
i revealed an abnormal renal architecture.!! While some feel 
that aortography i is the answer to demonstrating the renal 


— vasculature, aortic configuration and horseshoe kidney, in 


— three cases in which aortogram was of satisfactory quality, 


— ‘neither aberrant arteries nor the horseshoe kidney were 
~ -+:demonstrated. 


Thus, while the diagnosis can be missed with either an 
IVP or an aortogram alone, if an IVP is done and is abnor- 
mal, followed by anaortogram, the likelihood of making the 


— diagnosis ¿ as well as defining the surgical problems relating 


to: ‘aneutysmectomy are excellent, and as a corollary, the 
likelihood: of missing the association of the two should be 


.- smäll: indeed. 


“Jirthose. situations when the intravenous pyelogram and 


— aortoeram leave some question relating to the anatomic 
— details: “a Fenal.scan can be used as an additional measure to 
fe identify functioning renal tissue.” 


a 


I ‘The surgical challenge is to resect the aneurysm which is 
a ‘life-threatening lesion, while preserving renal function. 
Consequently, resectability is determined almost entirely 
-iby the vascular patterns to the abnormal kidney. Itis for this 

reason that aortography is of vital importance in planning 
one’s operative approach. The more common varieties of 
arterial anomalies can be summarized as follows: a single 
artery to each ‘half of the kidney; a single artery to each half 
pls an: additional artery to the isthmus; two renal arteries 


o fo gach: thalf and two arteries to the isthmus; and multiple 


refl arteries (4-10) to all portions of the renal substance.” 
These vessels supplying the horseshoe kidney may arise at 
| ey point along the aorta, occasionally from the iliac ar- 
“Steriés and in several i instances the mesenteric vessels. Most 
* sof these variations have been noted in the present review. 

«= Asthe major components that contribute to the problem 
“are. fhe vascular supply to the kidney and the fused kidney, 


P 5 i they must be dealt with together. Obviously, the possible 
i ‘combinations are many. Case 1 exemplified the most 
ae favorable situation, viz, all renal arteries arising above the 
“:_anéurysm in the presence of a horseshoe kidney with 
— mainly a fibrous isthmus. This creates no special problem, 
as a simple division of the isthmus with oversewing of each 
gho end to control bleeding can be carried out which then allows 


resection of the aneurysm and grafting in a routine fashion. 
The problem of vascular supply becomes compounded 
when major renal vessels arise from the aneurysm and must 
be reanastomosed if resection is carried out. If there are 
small vessels in the presence of major right and left renal 
arteries, analternate approachis to sacrifice these vessels if 
they supply the isthmus area, with immediate resection of 
the discolored parenchyma, or delayed resection if hyper- 
tension develops presumably on the basis of retained renal 
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substance with marginal blood supply. The effect of sac- 
rifice of such small vessels in this situation when additional 
major renal arteries are present, is not always predictable. 

When complicated renal arterial blood supply is com- 
bined with an isthmus of renal tissue as thick as the main 
bulk of renal parenchyma with preoperative demonstration 
of function, a decision is required in deciding whether 
resection of the aneurysm is justified in an elective situa- 
tion. Unfortunately, a complicated vascular pattern witha 
functioning isthmus are apt to occur together. When sever- 
ance of the functioning isthmus is not necessary or the 
arterial supply is arising from areas other than the aorta and 
thus not complicating access to the aneurysm, aneurysmal 
resection may be possible with tunneling the graft posterior 
to the parenchyma. 

If multiple, small vessels are demonstrated preoperative- 
ly, itis likely that the patient would be considered inopera- 
ble. On the other hand, if the situation were unclear, and 
operation advised, and it was noted that it would be neces- 
sary to sacrifice these vessels, most surgeons would con- 
sider the aneurysm non-resectable. In such complex situa- 
tions, one is tempted to consider the possibility of auto- 
transplantation, however, it is unlikely to be feasible. 
While there is no recorded instance of auto-transplantation 
for horseshoe kidney, it has been done in the presence of 
hypertension, ureteral injury, and other trauma.?”3% The 
methods for temporary preservation are relatively stan- 
dardized.*!335 Techniques have applicability in the 
emergency situation even in hospitals where formal trans- 
plantation programs, pulsatile organ perfusion, etc. are not 
available. Ischemic times up to 600 minutes have been 
reported with immediate diuresis and even times of 955 
minutes have been observed in which renal function has 
been preserved.’ 

While complete division of all vascular structures and 
ureters would allow better exposure of small vessels for 
microanastomosis, it is clear for several reasons that such 
an approach to this problem would be possible only in the 
most unusual situation. First of all, while attention justifi- 
ably has been focused on the arterial side of the vascular 
supply to the kidney, the venous drainage is of equal impor- 
tance in the success of the operation. In general, when the 
arterial supply is more normal, so is the venous pattern; as 
the arterial patterns become more chaotic, the venous pat- 
tern becomes more inconsistent and is susceptible to the 
many vagaries of venous drainage in other areas of the 
body. In Case 2, the failure to resect was conditioned as 
much by the abnormal venous drainage as the arterial sup- 
ply to the kidney. Additionally, as only about 40% of pa- 
tients with abdominal aneurysm die of rupture, an overly- 
aggressive attitude in such a difficult situation may be dif- 
ficult to justify.” The generalized disease which the ar- 
teriosclerotic aneurysm represents allows many other av- 
enues of exodus. Furthermore, the age of the average pa- 
tient is such that heroic measures would not be readily 
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accepted either by the patient or his surgeon. While a 
kidney allograft, either at the time of operation or delayed, 
might be more likely to succeed, few would feel that pa- 
tients in this age group would be satisfactory candidates. 
except in the presence of an emergency, viz., rupture or 
threatened rupture when the immediate survival of the 
patient is at stake. 
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: J ‘The Effect of Dextran on the Lysability of Ex Vivo: Thrombi 
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M. ABERG, M.D. S.-E. BERGENTZ, M.D., U. HEDNER, M.D. 


-The iysability was determined of thrombi formed in Chandler 
= tubes before and after infusion of 500 ml dextran 70 to patients 
ak: “undergoing cholecystectomy. 125] .Jabelled fibrinogen was given 
5 ithe day before operation. Following incubation of the thrombi in 
"plasmin, radioactivity remaining in the thrombi and released to 
‘the Supernatant was determined, as well as fibrinolytic degrada- 
“tion products i in the supernatant, using an immunoelectrophoretic 
-method. The. dextran infusion was found to increase the radioac- 
, tivity, Feleased from the thrombi to the supernatant from 15.5 + 
7.6% to a maximum of 27.3 + 8.2% four hours after the infusion 
dy AR<0. 001). A corresponding significant rise of the FDP concent- 
“ations i in the supernatant from 16.8 ug/ml to 44.1 ug/ml was 
found ‘at: ‘the same time. After 24 hours the radioactivity had 
'y Sreturined: -tọ “initial values. The results indicate that dextran 
"infused: into. patients during surgery increases the lysability of 
«thrombi: "It: iş, suggested that this finding at least partly explains 
-ie aiitithrombotic effect of dextran. 


, ae + 


ae 

CER AN with an average weight of 75 
#000 as well as 40 000 has been found to prevent 
: {irSmboembolism both experimentally" and postopera- 
“E tively in humans.?-*-9-158 The antithrombotic effect has 
~” partly been ascribed to the decrease of platelet adhesive- 
=ness obtained after dextran administration," partly to 


ue a * the: flow improving properties of dextran. Dextran has 
— zeben. ‘shown to initiate fibrin precipitation.'1® The mor- 


phology: of the precipitated fibrin differs from that of 
“formal fibrin by being coarser and more variable in size 
“than normal.??-29 This has been suggested to make fibrin 
more easily dissolved by fibrinolytic agents.”*?® The 
“purpose of this study is to further elucidate the 
~ mechanisms of the antithrombotic effect of dextran by 
- S * —— the lysability of ex vivo thrombi formed in the 
: presence of dextran. 
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Material and Methods 


Eighteen patients (14 women and four men) were 
studied before and after cholecystectomy. The day be- 
fore operation they received an intravenous injection of 
fibrinogen labelled with 1I according to the method of 
McFarlane.” During the operation 500 ml of 6% dextran 
70 in normal saline (Macrodex®, Pharmacia, Uppsala, 
Sweden) was infused in one hour to 12 of the patients. Six 
patients served as controls and did not receive dextran. 
Blood samples were collected before, immediately after 
and at 1, 2, 4 and 24 hours after the dextran infusion. Two 
ml of blood without anticoagulant was rotated tn Chan- 
dler tubes!’ at 30 rpm for 1 hour. The thrombi formed 
were then removed from the loops into plastic tubes, 
centrifuged for 20 minutes, and after the addition of 2 ml 
isotonic saline or the same volume of saline containing 
4.2 CTA units of plasmin (Novoplasmin®, Novo, 
Copenhagen), were incubated for 80 minutes at 37 C. 
After further centrifugation the radioactivity in the 
thrombus and the supernatant was determined in a 
y-spectrometer (Wallac). In the supernatant the concen- 
tration of fibrinolytic degradation products (FDP) was 
also analysed using an immunoelectrophoretic method.™ 

The amount of FDP in simultaneously collected blood 
samples was determined in 12 patients using the same 
immunoelectrophoretic method. The factor XIII level in 
blood was determined in five patients in platelet-poor and 
platelet-rich plasma, using the method of Lorand et al.”° 
modified according to Henriksson et al.‘* The dextran 
concentration was determined in seven patients with the 
anthron method.!® The determinations were kindly per- 
formed by AB Pharmacia, Uppsala, Sweden. 

To study the effect of dextran in vitro, blood from four 
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Fic. 1. Radioactivity in the supernatant as % of total activity after 
incubation with plasmin (——) or NaC1 (— ~ —) before and after dextran 
infusion. Mean values and SE.from 12 patients. 


patients labelled with '*I-fibrinogen was withdrawn. 
After addition of dextran to a final plasma concentration 
of 0.5—10%, the blood was rotated in a Chandler loop. 
The thrombi formed during 1 hour were treated as 
described above. After the operation all patients were 
examined for thrombosis using an isotope localisation 
monitor.” , 


Results 


In the patients receiving dextran the mean alori 
ity in the supernatant after incubation with plasmin of the 
thrombi formed before dextran infusion was 15.5 + 7.6% 
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Fic. 2. FDP concentration in the blood from 12 patients receiving 
dextran (——~) and in six control patients (-~~). (Mean +SEE). 
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Fic. 3. Dextran concentration in plasma from patients receiving: ‘dextran > TER 
infusion. Mean values and SD from seven patients. ` — 


of the total activity (Fig. 1). Immediately . after He? 
infusion the activity increased to 22.7 + 9 6% wb: 05)" 
ierease was obtained: Wo Hours after the: d “of thie. 
infusion (26.8 + 7.1%, P<0. 001). After four hours, thes: aie 


activity remained at the same level (27.3 + 8. 2%): and. 24. 


hours after operation the activity had returned: (6: thee 
initial value (16.3 + 5.2%). A corresponding rise” ‘off the = x 


' FDP concentration in the supernatant from .16:8 iau To 


a maximum of 44.1 ug/ml (P<0.02) at four hours: after the’. : 
end of the infusion was obtained. —— — l 
If the thrombus was incubated in isotonic saline: instead? 7 
of plasmin, neither radioactivity nor FDP concentration: : 
the supernatant increased (Fig. 1). : oe 

The FDP concentration in blood (Fig. 3) did not: ae = 


F 
i, on 

x N ete he 
ae 


during the infusion, but in the following. four hours there ` 


was a successive increase from 0. g to 6.3 weit. 
(P<0.001). The-maximal FDP concentration in blood was: 
found 24 hours after the end of the infusion (mean * SD 

= 14.0 + 5.1 ug/ml, P<0.001), followed in the. next to, 
days by a gradual decrease. ay oe 

Factor XIII concentration did not vary significantly Be 
during and after the infusion neither in platelet-rich nor in, ——— 
platelet-poor plasma. — 

The dextran concentrations in plasma are shown ia a 
Fig. 3. The mean concentration was maximal at the end fies 
of infusion, (10.0 + 1.0 mg/ml plasma) and then gradually — 


decreased. 
in control patients, not receiving dextran, there was no ` 


increased lysability after incubation of the thrombi with 
plasmin as indicated by the radioactivity in the supernat- · 
ant (Fig. 4). There was no significant rise of the FDP in..“..:”- 
the supernatant. A moderate rise of FDP in the blood not © ` 


‘ee or — 


ae — a 
Žž i: ‘the. ‘supernatant 





Be — z ev 4 3 4 5 24 
——— different from that of patients receiving 
; déxtrají. was found (Fig. 2). 

“After addition of dextran in vitro to blood in increasing 
amduiits to a final concentration of 100 mg/m! plasma, the 
radioactivity released into the supernatant rose from 
4 8%.Xt0'.46.3%- (Fig. 5). When, however, the dextran 
-. concéntration was 11 mg/ml plasma, roughly correspond- 
. ing to the: highest concentration obtained in vivo, the 

: fadioxetivity increased only to 20.8% (P>0.05). 
— None of” the dextran treated patients, but one of the 
* control patients developed venous thrombosis in the legs 
— ` as. S oymonsiated: by the **]-labelled fibrinogen test. 
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Discussion 


The effect of dextran to decrease the incidence of 
postoperative thrombo-embolism is well establish- 
ed.?-5-9.15.18 This effect has been demonstrated most con- 
vincingly if the dextran is given during the operation.» 
The antithrombotic -effect has at least partly been as- 
cribed to the decrease of platelet adhesiveness.*? 

Recently, however, some evidence has appeared indi- 
cating that the platelets do not play such a dominating 
role for development of venous thrombosis.”?”? Another 
possible explanation for the antithrombotic properties of 
dextran may be its effect to improve the blood flow in the 
muscle veins of the lower legs during the operation.» 

If the *J-fibrinogen test is used to diagnose throm- 
bosis the antithrombotic effect of dextran is less obvious 
than if phlebography is performed later in the postopera- 
tive course. ° This finding suggests an increased lysability 
of thrombi formed in the presence of dextran, which thus 
could contribute to the antithrombotic effect. Muzaffar et 
al.” found that dextran in vitro as well as in vivo changes 
the structure of the fibrin, resulting in fibrin fibres more 
variable in size and coarser than normal. In vitro studies 
have shown that such morphologically changed fibrin 
clots are more easily dissolved by plasmin.”° 

The increased lysability demonstrated in the present 
study was apparent as an increased activity of I!” in the 
supernatant. This is due to release of radioactively label- 
led split products, as previously demonstrated by Nord- 
strom and Zetterquist. The amount of FDP in the 


‘supernatant after plasmin incubation rose parallel to the 


radioactivity confirming that the release of radioactivity 


Fic. 5 Radioactivity in the 
supernatant as % of total 
activity after incubation of 
thrombi with plasmin. De- 
xtran added in vitro. Mean 
values and SE from four 
patients. 


dextran cons. . 
m 
100 g/ml plasma 
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from the thrombi really corresponds to a plasmin- 
digestion of the fibrin in the thrombi. The increased lysa- 
, bility was apparent already at the end of the dextran infu- 
sion, but reached a maximum about four hours after the 
end of the infusion. Thus the curve for increased lysability 
did not parallel the curve for dextran concentration. This. 
finding agrees with the decrease of platelet adhesiveness 
after dextran infusion, which also reaches a maximum 
after four hours." Some relationship between the effect 
of dextran on fibrin lysability and platelet function is 
therefore suggested. It has been shown by Paterson and 
Dhall”! that infusion of dextran is followed by a transient 
platelet aggregation with release of ADP. Although the 
ADP content of the platelets is normalised within one hour 
after the end of the dextran infusion, releasable amount of 
ADP was decreased for many hours. When platelets 
aggregate, other substances such as antiplasmins, in- 
hibitors of the plasminogen activation and factor XIII 
have been found to be released.”?1768° Factor XIII is 
known to initiate the cross-linking of fibrin fibers, thereby 
making the thrombi more stabile. Lack of factor XIII 
increases the lysability of thrombi. In the present study no 
evidence was found to indicate a decreased activity of 
factor XIII after dextran infusion. 

When dextran was added in vitro the increased lysabil- 
ity was small as long as the dextran concentration was 
below 11 mg/ml plasma, which is the highest concentra- 
tion obtained in vivo. The lysability increased with in- 
creasing dextran concentration, which is in agreement 
with the in vitro findings by Tangen et al.22 When dextran 
was given to patients the maximal increase of lysability 
was found not at maximal dextran concentration but when 
this concentration had decreased to 6.4 mg/ml. Thus the 
increased lysability observed in the present ex vivo study 
is not related to the concentration of dextran, and proba- 
bly due to some interaction between dextran and blood 
occuring in vivo, possibly via the platelets. 

Dextran does not initiate general fibrinolysis.1! The 
FDP found in the blood of the patients in this study was not 
caused by the dextran infusion, but by the operative pro- 
cedure, as apparent from the finding of FDP also in the 
control patients. 
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— Spontaneous Reversal of Portal Blood Flow: 


The F For and Against Its Occurrence in Patients With Cirrhosis of the Liver 
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AUGUSTO. H. MORENO, M.D., ALBERT R. BURCHELL, M.D., REDDY V. REDDY, PHD., 


Because’ ‘of its — serious clinical significance, we made an 
“analysis: . of the. evidence for and against the occurrence of 
- spontanéous: reversal of portal flow in cirrhosis of the liver. We 


` examined: ‘the evidence obtained from manometric studies, 


— "yadioactivé ‘tracer studies, radiologic studies, and actual meas- 


nt cipem ‘of: magnitude and direction of portal blood flow. 
oncerning- inanometric studies, we introduced a physical 


| “analysis, -based on first principles, which. demonstrates that the 
ny o¢eluded portal pressures cannot be used to construct a hydraulic 
"gradient for portal flow. Similarly, we examined the weakness of 


thie’ ‘evidence: : derived from radioactive tracer and radiologic 


K studies. ‘and. in the latter, the drastically opposite results re- 
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normal route of the hepatic veins. The diverted hepatic 
blood would then fight its way against the incoming 
splanchnic flow and éventually reach the right heart via 
the collateral network. 

Apparently, the need for a concept of spontaneous 
reversal of portal flow was created by some unexpected 
results observed after side-to-side portacaval anas- . 


Sal ` ported: by different investigators. Finally, we found that actual 
F z ‘erent ‘of magnitude and direction of portal flow provide 
— : impressive evidence against the occurrence of spontaneous rever- 
sal of portal flow in cirrhosis. We conclude that unless new and 
y S Gorivineing evidence ‘is provided, it may not serve the best 


tomosis. At the time, it was becoming increasingly clear 
that this operation was not yielding the results originally 
predicted, i.e., decompression of the splanchnic bed and 





“interests of medicine-and of our patients to continue accepting 
_| Spontaneous reyersal of portal flow in cirrhosis as if it were a 
w proven phenomenon. 


or 


ree A PONTANEOUS REVERSAL of portal flow implies that the 
+Z portal vein delivers hepatic blood into the splanchnic 


oe Chi instead of delivering splanchnic blood into the liver 
— ES as. intended in the orderly scheme of nature. This depar- 


ture: from the normal order has been predicated on the 
-basis of the outflow tract obstruction prevailing in cir- 


: et —— 1.25.58 Under these conditions, the blood entering 


“thie liver through the hepatic artery would find it easier to 


A : “exit the organ through the portal vein than through the 
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varices with preservation of some hepatic perfusion by 
portal blood. Quite the contrary, it was evident that while 
the lower limb of the shunt was effectively decompress- 
ing. the splanchnic bed, its upper limb appeared to be 
draining hepatic blood into the inferior vena cava. The 
question immediately arose as to whether the hepatic 
arterial blood now leaving the liver through the shunt had 
had an opportunity to perfuse the hepatic cell or, if by 
taking the route of arterio-portal anastomoses, it had 
actually bypassed the sinusoidal bed. Primarily on the 
basis of measuremenits of hepatic oxygen consumption, 
two different camps of opinion were promptly form- 
ed .78-37.38.44.54 Tn the meantime, the concept of spontane- 
ous reversal of portal flow in cirrhosis proved to be a 
more convenient alternative for the dilemma. Here, the 
reasoning was that if a patient with advanced cirrhosis 
already had his portal flow spontaneously reversed be- 
fore any surgical intervention, then the shunt would only 
complete the task initiated by nature,°”°° and the matter 
of perfusion of the liver cell would become a moot 
question. 
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At this writing, the concepts of outflow block in the 
formation of ascites advanced by Madden,” and of 
correcting this complication by simultaneous splanchnic 
and hepatic decompression pioneered by Welch*® and 
McDermott,” appear to have become definitely estab- 
lished on their own merits. Therefore, it seems no longer 
necessary to advance hypothetical arguments to justify 
the rationale of the side to side shunt. Unfortunately, the 
hypothesis of spontaneous reversal of portal flow in 
cirrhosis®” has survived on the basis of what, after all, 
may only be ‘“‘circumstantial’’ evidence. Recently, the 
presence of alleged spontaneous reversal of portal flow 
has been reported to be associated with different mortal- 
ity and morbidity after portacaval shunts performed 
during acute bleeding.’ In this report we intend to 
examine in some detail the evidence available for and 
against spontaneous reversal of flow in the portal vein of 
patients with cirrhosis of the liver. For convenience, we 
will examine the evidence under four main subheadings: 
manometric studies, radioactive tracer studies, 
radiologic studies and actual measurements of magnitude 
and direction of portal flow. 


Manometric Studies 


Measurements of pressure on the hepatic and splanch- 
nic sides of a clamp occluding the portal vein have been 
used in the literature to support the presence of spon- 
taneous reversal of flow in the portal vein of patients with 
cirrhosis of the liver. If the pressure on the hepatic side of 
the clamp were higher than either the free portal pres- 
sures or the pressure on the splanchnic side of the clamp, 
the blood, flowing from the higher to the lower pressure, 
would leave the liver through the portal vein and enter 
the splanchnic circulation. 

In the previous reasoning, the unstated but necessarily 
implied assumption is that the pressure on the hepatic 
side of the clamp approximates the pressure in the 
sinusoids of the liver and that this approximation holds 
not only during the portal occlusion but also when the 
portal blood is flowing into the liver. That being the case, 
the difference between the hepatic occluded and the free 
portal pressure would become a true pressure differential 
or hydraulic gradient for flow in the portal vein.“ Similar- 
ly, the difference between hepatic and splanchnic 
occluded portal pressures would become some sort of 
potential gradient for flow which has been designated as 
the ‘‘maximum perfusion pressure.””545657 These con- 
cepts have become ingrained so deeply in our routine 
clinical thinking that even surgical residents react with 
surprise, and sometimes with hidden or overt indigna- 
tion, to any attempt to question their validity. Frequent- 
ly, such questioning is taken with the connotation of a 
challenge to the fundamental laws of nature. And yet, it is 


REVERSAL OF PORTAL BLOOD FLOW SE 


Fic. 1. Common interpretation of the significance of pressures measured 
on the hepatic and splanchnic sides of a clamp occluding the portali vein. 
(Redrawn after Conn’). A. When the pressure on the splanchnic sidé of ` 
the clamp (SOPP) is higher than the pressure on the hepatic side of the 
clamp (HOPP), the portal blood should flow into the liver in, the normal 
fashion. Portal flow is then variously said to be forward, cephalad, 
hepatopetal, or antegrade. B. When the hepatic occluded. pressure: is’ 
higher than the splanchnic occluded pressure, the portal blood should ` 
flow out of the liver into the splanchnic bed. Now, the portal. flow is" ‘said © 
to be reversed, caudal, hepatofugal, or retrograde. (See Figs 2 for a’ 
model that would be compatible with this interpretafton )- 


simpler to demonstrate the physical wean of Tae 


hemodynamic concepts than to trace the oversimplifica, .. 


tions which, explicitly or implicitly, were used to introsr `. 





duce them as legitimate expressions of: valid: ‘laws: afi N 


physics. In the next paragraphs we will attempt: ip i 
examine these oversimplifications and some of: their’. . 


natural consequences. 

A good example of the current interpretation. of: the’ 
occluded portal pressures is given in Fig. 1 which: has 
been redrawn from an illustration in a writing by ‘Corn? 10... 


On the left side of Fig. 1, labelled A, two manometers are?’ 3 a 


represented by reservoirs adjusted to a common. datum: : 


plane given by the broken line. The level in the reservoir: 


connected to the splanchnic side of a clamp otcluding the" 
portal vein is higher than the level in the reservoir, . 
connected to the hepatic side of the occluded portal vein: 


As the arrows near the portal vein indicate, the slanch- f 


nic blood should enter the liver in the normal manner. On.” 
the right side of the illustration (B), the level in: the *. 
reservoir connected to the hepatic side of the occlusion is 
higher than that of the one connected to the ae 
side of the occlusion. The arrow along the portal vein“ 


indicate that now the hepatic blood should flow out of the ~ 


liver into the splanchnic bed. The apparent disarming : 
logic of this reasoning can be immediately challenged. 
Although we have objected to the current abuse of the 
word ‘‘model’’ in medical writings,” we have — 
against its proper use and, therefore, will search for. a. 


model that would be compatible with the previous `; 


reasoning. Then, we will compare the model with reality `` 
to see if it can be considered an adequate representation: ” 
of the true physical system under discussion. 
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Bie: z ‘A simplified model that would be-compatible with the interpreta- 
HON: that the pressures on the hepatic and splanchnic sides of a clamp 
p ecliiting the portal vein could be used to construct a hydraulic gradient 
"for flow in.the portal vein. A. Liquid flows from Reservoir 1 to 
"Reservoir 2 through a smooth pipe of constant cross-sectional area. For 
constant density of the fluid (p) and consant acceleration of gravity (g), 
“only the heights h, and h; determine the pressure in the reservoirs. The 
difference. between these pressures is the hydraulic gradient for flow 
BP. The ‘direction of flow (Q), is a function of the relative magnitudes 
'. ‘of Pj-and P,. Pressures at two close points in the pipe (P; and P,) are 
"almost identical due to the short distance Separating the points and to 
the: absence of any narrowing or roughness of the pipe between them. 
‘Méasurements at these points will not reflect the gradient for flow in the 
system. B. A valve has been closed between points 3 and 4 in the pipe 


- and there is no flow in the system. If this model would be an adequate 
. ` representation of the splanchnic-hepatic-collateral system in cirrhosis, 


closing of the valve would be equivalent to clamping the portal vein. 
Now points 3 and 4 are connected to their respective reservoirs by 
== P, while P, = Pa; then (P; = P,) * AP, the 


` - gradient for flow in the system. This model sustains the interpretation of 


the occluded portal pressures advanced in the literature (see Fig. 1). 
However, the model is not an adequate representation of the true 
physical system in cirrhosis. First, the model represents dn open, 
gravity system and, second, the reservoirs do not have the outlets 
which in the real system are provided by the hepatic veins and the 
collateral network respectively. 
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tion of the occluded portal pressures given above. Essen- 
tially, the illustration shows two reservoirs (1 and 2) 
connected by a smooth pipe of constant cross-section. In 
Fig. 2A, flow is taking place from 1 to 2 on the basis that 
P, is greater than P,. In this model, for fluids of constant 
density (p), submitted to a constant acceleration of 
gravity (g), only the height of the column of fluid (h) is 
required to define the pressure. The difference (P, - P.) is 
the gradient for flow in the system (AP). With P, greater 
than P, the flow proceeds from 1 to 2 and AP is said to be 
positive. With P, greater than P,, we have flow from 2 to 
1, and AP is said to be negative. The difference between 
the pressure measured at two points closely located in 
the pipe (P, and P,) is very small due to the proximity of 
the points and the absence of any narrowing of the pipe 
between them. 

If one now occludes the pipe between the points where 
P, and P, are being measured, equivalent in this model to 
clamping of the portal vein, the points become connected 
to their respective reservoirs by static columns of fluid ` 
(Fig. 2B). These columns of fluid act as manometers or as 
extensions to any manometer connected to the points 3 
and 4. Then, the difference between P, and P, would 
equal the difference between P, and P, and, therefore 
would equal the true gradient for flow in the system (AP). 
If this model adequately represents the splanchnic- 
hepatic-collateral system in cirrhosis, the difference be- 
tween the occluded portal pressures would be a measure 
of the true gradient for flow in the system. However, as 
we will discuss later in more detail, the model does not 
represent the real system adequately, and we have the 
case of a correct analysis for a model which is not a 
correct representation of the real system. In other words, 
it is not the model but its selection that is incorrect in this 


scheme. 
The model in Fig. 2 is not an adequate representation 


of the splanchnic-hepatic-collateral system in cirrhosis 
on two main counts: first, it represents an open, gravity 
flow system and, second, it does not provide for outlets 
to the reservoirs, i.e., hepatic veins outflow for the liver 
reservoir and collateral bed outlet for the splanchnic res- 
ervoir. If one would like to persist with the open gravity 
flow system and provide the necessary outlets for the 
reservoirs, one would obtain a model such as the one 
represented in Fig. 3. Here, the two reservoirs empty 
into a common third reservoir, the vena cava, by outlets 
which have a definite resistance. If we now occlude the 
pipe representing the portal vein between points 3 and 4, 
we note that Ps and Ps are no longer simple functions of 
the height of the levels of the reservoirs 1 and 2, but 
complicated functions of the pressure differentials be- 
tween the various reservoirs, of the flow through the 
outlets, and of the resistance of the outlets. These rela- 
tionships do not even include the pressure in the arterial 
reservoirs or the high arteriolar resistances which are 
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Fic. 3. A more realistic model of the splanchnic-hepatic-collateral 
system in cirrhosis. While still restricted by representing an open, 
gravity system, the model improves that shown in Fig. 2 by providing 
outflows to the reservoirs. The arterial inflows although shown refilling 
the reservoirs through high arteriolar resistances (heavy valves) will not 
be considered in a preliminary discussion. When the valve between 
points 3 and 4 in the pipe representing the portal vein is open, reservoir 
1 (the splanchnic reservoir) divides its flow between the portal vein and 
the collateral outlet. In turn, reservoir 2 (the hepatic reservoir), empties 
the combined contributions of the hepatic artery and the portal vein into 
the vena cava through the resistance of the hepatic outflow. When the 
valve between points 3 and 4 is closed, flow through the transverse pipe 
(the portal vein) ceases but flow through the collateral and hepatic 
veins outlets continues. P, and P; are no longer simple functions of the 
height of the fluid in the reservoirs 1 and 2. Even disregarding the 
arterial pressure and the arteriolar resistances, P, and P, are still 
complex functions of the pressure differentials between the various 
reservoirs, of the outlet flows and of the resistance in these outlets 
(represented by black blocks). The arteriolar resistances, although not 
included in this discussion, are represented by adjustable valves to 
imply their ability for adjustments in short time scales. The hepatic 
outflow and collateral outlet resistances are represented by fixed 
resistances to indicate their capability for long term adjustments only. 
These adjustments may require months or even years as the cirrhotic 
process and the development of collaterals advance. 


represented in the sketch by heavy valves. Actually, at 
this point, it is no longer possible to carry further the 
analogy of the open, gravity system without introducing 
grave complications. Therefore, we will resort to a more 
manageable electric analogy using the Wheatstone bridge 
- model proposed by Bradley.’ 

If one restricts the analysis to steady flows, leaving 
apart considerations of inertances and variable com- 
pliances, it is possible to apply directly the equations for 
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Fic. 4. The splanchnic-hepatic-collateral system in cirthosis rep“ 
resented by the Wheatstone bridge analogy proposed by Bradley**. 
Clamping of the portal vein, represented by the open switch; in: the . 
circuit, turns the bridge into two parallel circuits, i.e., the: hepatit: 


artery-hepatic veins circuit, and the splanchnic-collateral circuit. Equa: F F 
» ate 


ots 
J 
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tions 1 and 2 show the determinants for the hepatic occluded. portal, 
pressure (HOPP) and for the splanchnic occluded portal ' pressure. 
(SOPP). Note that in Equations 1 and 2, the pressure terms are thé sama 
for both circuits and, therefore, that the difference ‘is given: by: the = 


resistive terms. These resistive terms are simply the ratio of the: outflow; ~ Å = $ 


to the total resistance on each circuit. The value of these ratios are, the 
only determinants for the pressure on either side of the: clainp to be*. 
higher or lower than the pressure on the other side. The important ; 
conclusion is that the hepatic occluded portal pressure (HOPP) approx: 
imates the sinusoidal pressure only when portal flow is not taking pace! 
The value of the sinusoidal pressure when portal flow is taking place," 
the only value relevant for the construction of a hydraulic gradient tor” 
portal flow, is very different and is given by a much morz complicated. ~ 
mathematical expression which we introduced in our reference:* 38 Asin: 
Fig. 3, the arteriolar resistances are represented as variakle. resistances, ; 
to indicate their ability for short time scale adjustments. Similarly, the: ~ 
hepatic outflow and hepatic outlet resistances are represented’ by fixed” 
resistors to indicate their usual inability for short time scale adjust: © 
ments. 


the bridge developed in the field of electrical engineer- | 
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ing.’ In a previous communication, we intreduced such ~; 


analysis for the splanchnic-hepatic-collateral system in 
cirrhosis (Fig. 4). As a result, we shewed that the. 


conditions for the pressure on either side of the clamp to — 


be higher or lower than that on the other side are 
independent of the magnitude and direction cf the portal 
flow and are determined uniquely by the ratio of the 
outflow to the total resistance on each of two parallel: 


.. 350 J 


m 


K "; gircuits, i.e., the hepatic artery-hepatic veins system on 


* one - side: (Equation 1 in Fig. 4) and the splanchnic- 
< Sollateral: ‘system on the other (Equation 2 in Fig. 4). 
Thése Circuits have been made independent parallel 
circitits. by:clamping of the portal vein which removes the 
direct.connection between them. The analysis also 
. Showed that when flow in the portal vein is not inter- 
rupted by a clamp, the conditions determining the free 
portal pressure and the unoccluded sinusoidal pressure 


. are given by. mathematical relationships drastically differ- 


ent from. those determining the occluded pressures. 
Therefore, the sinusoidal pressure during occlusion is 
very different from the sinusoidal pressure during flow, a 
fact, that. precludes the use of the occluded pressures to 
construct a gradient for portal flow. This explains the 
clinical findings i in two of our previous reports®** where 
‘we found’ ‘a-complete lack of correlation between the 
differencés in occluded pressures and the magnitude and 
_ direction’ of. the portal flow in a series of 80 patients 


-- having all the necessary measurements. Actually, nine of 
`~ .‘these.:patients did have an hepatic occluded pressure 


= 
`a 


ae 


which was higher than the free portal pressure or than the 


« splanchnic occluded pressure. However, none of them 


had reversal of portal flow as assessed by direct meas- 
. urements with the electromagnetic flowmeter. Two of 
thesé patients had stagnant flow and the remaining seven 
‘had forward flow into the liver measuring from 80 to 1116 
ml/min. We will return to discuss the value of meas- 
nrements with the electromagnetic flowmeter in the last 


äi - Section of this report. 


~ In view of the discussion above, the findings recently 


| — by: Charters et al.” remain in need of an explana- 


-stione ‘These authors reported clinical correlations with the 
Values: of the occluded pressures and the presumed 
direction of the portal flow in patients operated during 
„acute bleeding. However, from a purely statistical frame 


i 2 ‘of: reference, their conclusions seem difficult to justify. 


Pes iPr 2 


When they state that encephalopathy on admission was 


“ more’ common in patients with presumed reversal of 


: flow, they give an incidence of 27% versus 17% in 
: patients with presumed forward flow. If a contingency 
table is prepared according to the statistical makeup of 
the group, a test of significance renders a value of x? = 
1.822 which for one degree of freedom yields the non- 


: ps Se are value of P < 0.32. Similarly, the difference in 


+ survival was not significant at the 5 per cent level (P < 
ay 08). Finally, the incidence of encephalopathy in the 
“survivors, given as 23% for the patients with presumed 
Sd oe flow versus 12% in those with presumed 
forward flow is statistically not significant (x? = 0.108 
and no value of P can be computed). In reality, the data 
of Charters et al. show that their division of clinical 
results into patients having presumed reversed portal 
flow and into patients having presumed forward portal 
flow is hardly justifiable because a separation based on 
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random selection would have a high probability of yield- 
ing the same results. In other words, both groups might 
have been extracted from a common group.* 

Irrespective of the lack of correlation between the 
values of the occluded portal pressures and the mag- 
nitude and direction of the actual portal flow, the fact 
remains that Charters et al. did find a higher incidence of 
reversed pressure differences in their acutely bleeding 
patients. Without access to their raw data, one may only 
speculate that a sudden decrease in the outflow collateral 
resistance may have rendered a transiently higher inci- 
dence of reversed pressures. Such a decrease in collat- 
eral resistance may have resulted from the opening of a 
wide rent, at the site of bleeding, in the collateral circuit. 
In turn, this decreased in collateral outflow resistance 
may have lowered temporarily the resistive ratio in 
Equation 2. 

The fact that the values of the differences between the 
occluded sinusoidal and splanchnic pressures do not 
determine the magnitude or direction of the portal flow 
should not be taken as a statement that true spontaneous 
reversal of flow cannot occur in this vessel. Using the 
Wheatstone bridge analogy one can derive the conditions 
for the unoccluded sinusoidal pressure to exceed the 
portal pressure. Essentially, these conditions require a 
much larger hepatic outflow resistance than the resis- 
tance in the collateral bed. Since the difference between 
the unoccluded sinusoidal and the free portal pressure is 
a true pressure differential or hydraulic gradient for flow, 
there would be spontaneous reversal of portal flow 
whenever the unoccluded sinusoidal pressure exceeds 
the free portal pressure. This condition must not have 
existed in any of the patients in our study. Apparently, 
the value of the hepatic outflow resistance was not 
sufficiently large in our patients with cirrhosis to produce 
spontaneous reversal of portal flow. Conversely, its 
value should be very large in Budd-Chiari syndrome with 
almost complete obstruction of the outflow tract. This 
might be the reason why true spontaneous reversal of 
portal flow appears to occur in this syndrome .1840:43-47 

On the basis of our analysis and clinical measurements, 
we conclude that there is no justification for the claims of 
spontaneous reversal of portal flow in cirrhosis reported 
in the literature if the claims are based solely on the 
presence of an hepatic occluded portal pressure which is 
higher than either the free portal or occluded splanchnic 
pressure. 


Radioactive Tracer Studies 


The studies of Longmire et al.*4 in 1958, are often 
quoted in the literature as proof of spontaneous reversal 


*For the case of the incidence of encephalopathy in the survivors, the 
use of the x? statistics may be questioned because there is an expected 
frequency lower than five. However, any attempt of correction, for 
example the Yates correction, makes the results even less significant. 
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of portal flow in cirrhosis. Careful reexamination of the 
protocol of the studies shows, once more, that the 
evidence for spontaneous reversal might be more ‘‘cir- 
cumstantial’’ than definitive. 

These authors inserted catheters in the splanchnic- 
hepatic system of patients about to undergo side to side 
portacaval shunts. One catheter was located in a 
peripheral mesenteric vein, another was advanced into 
the main trunk of the portal vein well cephalad to the site 
of the intended anastomosis, and a third catheter was 
threaded into the hepatic artery through one of its 
branches. Injecting radioactive tracer into the peripheral 
mesenteric vein and sampling from the cephalad catheter 
in the portal vein, they detected the passage of a large 
bolus of radioactivity. This was interpreted as forward 
portal flow carrying the peripherally injected tracer into 
the liver. However, injecting into the hepatic artery. and 
sampling, again, from the cephalad portal vein, the 
authors noted that some radioactivity ‘‘may be im- 
~ mediately detected” in the portal blood. This time the 
interpretation was that some backflow of hepatic arterial 
blood into the portal vein may have been taking place. 
Now, these interpretations are mutually exclusive, i.e., 
the first injection shows forward flow while the second 
injection shows reversed flow. It might be argued that in 
living systems there are occasions where diffusion of 
substances do occur against hydraulic, chemical or elec- 
trical gradients. However, this requires mechanisms of 
active transport with elaborate use of energy. Such is the 
case of the transport of ionic calcium into the sarcoplas- 
mic reticulum during muscular relaxation. Here, the 
transport is achieved against a gradient of concentration 
through the energy yielding splitting of ATP.” An equiva- 
. lent process is described by the formalism of the ther- 
modynamics of irreversible processes as ‘‘incongruent”’ 
diffusion.'7** There are many ‘“‘pumps’’ of this sort 
operating in living beings, but few would claim such 
sophisticated mechanisms to explain the diffusion of a 
modest radioactive tracer against the incoming portal 
flow. A simpler explanation could be that the suction 
exerted by the cephalad catheter resulted in some sam- 
pling of sinusoidal blood rightly containing isotope. This is 
conceivable if one compares the order of magnitude of 
the suction created by a sampling syringe with that of the 
small pressures prevailing in the portal-sinusoidal sys- 
tem. In a group of 23 patients with cirrhosis, Reynolds 
compared the values of the sinusoidal pressure using 
hepatic vein wedged measurements and of the portal 
pressure measured simultaneously through the re- 
canalized umbilical vein.* He found that the sinusoidal 
and portal pressures were almost identical, a fact that 
shows the very small resistance existing between the 
portal vein and the sinusoids. 

After constructing the side to side shunt, Longmire and 
associates repeated their series of injections. The results 


were now reversed, i.e., 


arterial injection. The radioactivity after hepatic: artérial . 
injection was measured as several times larger: than’ that, 
detected before constructing the portacaval shunt. The 


probably correct interpretation was that now the mesen- | 


teric blood was diverted into the vena cava. through the 
lower limb of the shunt while the upper limb, acting‘as an 
accessory outflow tract, was carrying hepatic blood away. 
from the liver. 

The results of the important studies of Longmire and 
associates indicate that reversal of flow does take place 
in the hepatic limb of a side to side portacaval shunt.. 
However, it is highly improbable that they..could be. 
construed as proof of spontaneous reversal of — flow, 
in cirrhosis. - 
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Radiologic Studies 


Five primary radiologic methods have ‘been ee to 3 : 


attempt a demonstration of spontaneous reversal of flow: 
in the portal vein of patients with cirrhosis:-1) retrograde 


injection of contrast medium from the ‘‘wedged’’ hepatic + 


vein position; 2) portal injection through catheterization 
of the umbilical vein; 3) splenic portography; 4) selective. . 
hepatic arteriography; and 5) hepatic intraparenchymal. 
deposition of contrast medium. 


Retrograde Injection of Contrast Medium from thes — 
Wedged Hepatic Vein Position 


sad 
** 


Warren et al.55-57 and Viamonte et al.5 have most *" . 
persistently reported the occurrence of spontaneous rẹ- 
versal of portal flow in cirrhosis on the basis of their? . . 
observations following hepatic vein ‘‘wedged”’ injection . <» 
of contrast material. In this technic, the opaque medium a 
is introduced under pressure through a catheter: wedged’: |. 
into a small hepatic vein branch and forced, in retrograde. ae 
fashion, into the sinusoids and the portal venules. Ac- ` n 


cording to these authors, more advanced: degrees òf 


cirrhosis with smaller portal blood inflow would facilitate. >. 
the retrograde injection and the visualization of the portal -~ 


branches. If the main trunk of the portal vein is vis- 
ualized, the flow in this vessel is said to be retrograde, 
i.e., the portal blood would be flowing out of the liver 


into the splanchnic bed. Visualization of the coronary. ++. 
system and varices would further affirm the presumption 55. 
of spontaneous reversal of portal blood flow. Converse-⸗ 


, 22. 
the portal cephalad samples. >- 
showed little or no radioactivity after mésenteric, `“ 
peripheral injection and large radioactivity after. hepatic: e 


ly, it would be very difficult to force contrast material <+ = 


into the portal vein system of normal subjects having ` 


large portal inflows. 

Opposite findings have been reported by Ney% who 
showed that the contrast medium could be forced into the 
main portal vein of normal subjects, by Britton* who 
found that very little pressure is required to force con- 
trast material into the portal trunk of most patients with 
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cirrhosis, and by Smith* who found a greater incidence 


: ofz this forced retrograde filling of the portal system in 


. patients with early cirrhosis. Perhaps the report of Smith 
et al. -contains the most damaging evidence against the 


i ability of these forced, retrograde injections to de- 


. monstrate,without artifacts, the presence of spontane- 


ous ‘reversal: of portal blood flow. Their communication 


includes: ‘a-patient who showed what was considered a 
most. typical pattern of presumed spontaneous reversal of 
portal, flow. , during the wedged hepatic vein injection and 
who’ at ‘operation, was found to have a forward flow of 
480 ml/min as measured by the electromagnetic flowme- 
ter. In our own studies,*® we found a patient with such 
. extensive retrograde filling of the portal system after 
“hepatic: ‘vein. wedged injection, that true spontaneous re- 
versal: Of. portal flow in cirrhosis appeared to have been 
. confirmed.: However, during measurements with the 
“ elegtiGmagnetic flowmeter, the patient was found to have 


sv fa 


per ‘mifute: Finally, Smith et al, also studied 11 patients 


os after’ Side’ to side portacaval anastomosis. Despite the fact 


+ that. most of these patients are known to have reversal of 


flow: sin’ ‘the „hepatic limb of the shunt, none of them 


showed evidence of such reversal during hepatic vein 
“wedged injections. 

“The ‘conflicting findings reported by different authors, 
‘9déasionallly being one hundred and eighty degrees out of 
, Phases: cast ‘serious doubts on the occurrence of spon- 


e tanedus reversal -of portal flow in cirrhosis when only 


; “evidence. from hepatic vein wedged injection is brought in 
“x Ais: ‘support. The conflicting findings should not be unex- 


— pectsd in-a method which is based on the retrograde 


— ave injection of contrast. If the material is forcefully backed 
“Sup tor the level of the junction with the coronary vein, at 


* the’ ‘point where the splanchnic flow divides between the 


E; wy portal vein and the collateral bed, the medium would 


» easily take the.route of gastroesophageal varices and this 
‘needs not-imply that the portal flow had spontaneously 


. a its direction in the absence of the forced injec- 
tion. 


“Even accepting the reports of Warren and associates as 


` ‘prot of the validity of the hypothesis of spontaneous 


ge reversal of portal flow in cirrhosis, the evidence would 
-Š still be’ sparse. We had difficulties keeping our arithmetic 


— straight while sorting out the patients repeatedly included 
S+, jiin their. various reports. Within these difficulties, we 
” ae were able to identify only six patients having presumed 
— réversal of portal flow in the reports published between 
1963 and- the present writing. 

. Portal Injection Through Catheterization of the Umbili- 


cal Vein 

Kessler and associates" have reported on this method. 
They catheterized the umbilical vein and injected 40 ml of 
75% contrast material at 125 psi. This is followed by 
complete flooding of the portal vein and varices. How- 
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ever, when the injection ceases and the portal inflo' 
resumes, the dye stained portal blood is observed t 
perfuse the liver in the normal manner. They also note 
that in some patients the flooding was more intense an 
was not followed by the forward hepatic perfusion wit 
radiopaque portal blood. They interpreted these finding 
as indicating the presence of spontaneous reversal c 
portal flow which prevented the entrance into the liver c 
the radiopaque blood. Although this explanation is plau: 
ible, an equally convincing case could be made for thes 
patients having stagnant flows, a condition that we hav 
reported to occur in eight per cent of portal flow mea: 
urements in patients with cirrhosis .*3?*6 

At any rate, the technique of flooding the portal vei 
devised by Kessler et al. has shown the lack of hepati 
perfusion that could be interpreted as indicating spor 
taneous reversal of portal flow in only two patients wit 
cirrhosis in a series of 150 examined by them. In a late 
report,’® they have increased the number of patients wit 
cirrhosis studied by this method to 232 patients. The 
also added refinements of the technic which should lea 
to a better demonstration of spontaneous reversal < 
portal flow in these patients. However, they do nc 
include any new patients with this condition in this late 
report. 


Splenic Portography 


During the early experience with this method, lack : 
visualization of the portal vein was interpreted as tł 
result of either anatomic obstruction of the portal vein ı 
of spontaneous reversal of portal blood flow. In the ca: 
of the presumed reversal of flow, the blood exiting tl 
liver through the portal vein would prevent the contra 
material from entering the vessel and outlining its co 
tour.” Increasing use of splenic portography, which 
our group surpassed the 1000 patient mark before ben 
partially replaced by selective arteriography, showe 
that most cases of non-visualized portal vein were a 
sociated with an anatomically patent vessel. Moreove 
no reversal of flow could be found in the patent vessel 
We have devoted an entire report to the examination | 
this problem,* and have evaluated the lack of justificatic 
for making a diagnosis of spontaneous reversal of port 
flow based on non-visualization of this vessel duri 
splenic portography. In that report we included dire 
measurements of portal flow in 14 patients with cirrhos 
and non-visualized portal vein during splenic porto 
raphy. Three of these patients had stagnant flow whi 
the remaining 11 had forward flows averaging 400 +3 
(S.D.) ml/min. More recently, we have retabulated o 
data and provided guiding diagrams of the hemodynam 
patterns associated with non-visualization of the port 
vein during splenic portography.**® However, the possib 
ity of associating non-visualization with spontaneo 
reversal of portal flow is revived from time to time a! 
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‘1G. 5. Intraparenchymal 
eposition of contrast 
redium into the liver of 
hree patients with cir- 
hosis submitted to side to 
ide portacaval shunt. A. 
n this patient. the pool of 
ontrast material is drained 
y a large hepatic vein and 
y the hepatic limb of the 
ide to side shunt acting as 
in accessory outflow tract. 
3. In this patient the hepa- 
ic limb of the shunt ap- 
ears to have become the 
yrimary outflow tract. C. 
As in B, the hepatic limb of 
he shunt takes a primary 
‘ole as an outflow tract for ` 
he liver. 


‘eintroduced as an accepted truth.'® Had it not been for 
hese periodic revivals, this section would have been 
ymitted in the present report. 


selective Hepatic Arteriography 


This is. perhaps, the most physiological method to 
issess the presence of a suspected spontaneous reversal 
of portal blood flow. The contrast material is injected into 
‘he hepatic artery. The hepatic arteriolar resistance dis- 
sipates the arterial pressure in the normal fashion and 
ilso dissipates any excess pressure resulting from the 
njection of the medium. The dye stained hepatic arterial 
slood perfuses the sinusoids and is collected by the 
yutflow system, normally the hepatic venules and veins. 
in case of reversal of portal flow, the portal venules, the 
vortal veins and even the main portal trunk would be 
‘emoving the dye from the sinusoids. Boijsen and Ek- 
nan? have demonstrated this to be the case after spleno- 
nal shunt. In their patient, the contrast medium in- 
ected into the hepatic artery escaped the liver through 
he portal vein, traversed the splenic vein and emptied 
‘through the shunt into the systemic circulation. In our 
dwn studies using hepatic arteriography,** we have seen 
this reversal of flow to take place in the hepatic limb of a 
side to side portacaval shunt. 

Selective hepatic arteriography has also shown spon- 
taneous reversal of portal blood flow in patients with 
Budd-Chiari syndrome. Pollard and Nebesar*’ observed 
the contrast injected into the hepatic artery to exit the 





liver via the portal vein in two patients with bilateral 
obstruction of the outflow tract. They also observed 
retrograde flow in one lobe obstructed by veno-occlusive 
disease into the portal branch of the normal lobe. There, 
the forward direction of flow was resumed. Ruzicka and 
Rossi” also reported reversal of portal flow after hepatic- 
artery injection in one patient with Budd-Chiari‘syn- 
drome. 3 
Hepatic artery selective angiography has about the ‘ 
best opportunity to show reversal of portal flow, either - ` 
following some type of side to side shunt or, spontane- ~ 
ously, in association with bilateral or unilateral veno- 
occlusive disease. Considering the extensive use of this $ 
method, it is remarkable that there are no reports, to our 
knowledge, indicating spontaneous reversal of portal + 
flow in cirrhosis. Pollard and Nebesar* go as far as to | 
state that, except for veno-occlusive disease, they have 
never seen spontaneous reversal of portal flow in any 
conditions studied by them in 30 patients. 


Intraparenchymal Hepatic Deposition of Contrast 
Medium 


In 1963! we introduced the clinical use of the in- 
traparenchymal deposition of contrast medium in the 
liver of patients with hepatic cirrhosis. This clinical 
application was preceded by extensive experimentation 
in small”? and largeꝰꝰ laboratory animals. At the time, we 
were searching for more physiological methods of study- 
ing the altered hemodynamics of patients with hepatic 
cirrhosis. Three somewhat unexpected results emerged 
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from the clinical application of this method: 1) the 
visualization of the efferent lymphatic system of the liver 
in patients with cirrhosis and ascites; 2) the visualization 
of the hepatic limb of a side to side shunt acting as an 
accessory outflow tract; and 3) the recognition by others 
(16) that the method was the ‘only truly diagnostic 
study" for Budd-Chiari syndrome. 
The capability of the method of intraparenchymal 
deposition of contrast medium to demonstrate retrograde 
flow in the hepatic limb of a side to side portacaval shunt 
is shown by the radiographs of the three patients grouped 
in Fig. 5. The plate corresponding to the first patient (A) 
shows how a pool of contrast material is formed in the 
parenchyma of the liver and how this pool is drained by 
hepatic venules into large hepatic veins and by portal 
venules into the hepatic limb of the shunt and into the 
Vena cava. Figure 5B shows another patient in whom the 
hepatic limb of a side to side shunt acts as an outflow 
_-tract for the liver, and Fig. 5C shows similar findings in 
another patient. 

- In Budd-Chiari syndrome, bilateral or unilateral. in- 
traparenchymal deposition has shown either total 
backflow into the splanchnic bed or partial retrograde 
flow into the healthy lobe.*:!6-43-44 

In addition to our original report,” we have further 
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increased the number of our observations?! which at 
present number 184 patients with cirrhosis and portal 
hypertension.* In this rather large series of patients with 
cirrhosis submitted to intraparenchymal deposition of 
contrast material, we have not found a single instance of 
spontaneous reversal of portal blood flow. The report of 
Ramsey and Britton* on 15 additional patients does not 
include any cases of spontaneous reversal of portal flow, 
and none is found in the reports of the English®*’ or 
French”! investigators who used intraparenchymal dep- 
osition of contrast as a method of investigation. 
Nevertheless, the method is not free of false positive 
results. In one of our patients with cirrhosis (see Fig. 7 in 
our reference 5), the intraparenchymal deposition forced 
contrast medium back into the main portal vein and 
mesenteric bed, thus simulating the occurrence of spon- 
taneous reversal of portal flow. On high speed motion 
pictures taken on the same patient. it was shown that 
when the injection of contrast medium ceased. portal 
flow resumed its normal direction and the dye stained 
portal blood perfused the liver. At operation, meas- 
urements with the electromagnetic flowmeter indicated 
that the patient had a forward portal flow into the liver 
measuring 90 ml/min (see flow recordings also in Fig. 7 of 
our reference 5). Price et al.*' in an article devoted mainly 


< TABLE |. Magnitude and Direction of Portal Blood Flow Measured by Various Methods in 273 Patients with Hepatic Cirrhosis and in 21 Normal 
Control Subjects 
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Electromagnetic Flowmeter 


Patients with Cirrhosis 





Normal Controls Post Side to Side Shunt 





Forward Reversed Forward Reversed 
Flow Flow Flow Flow 
9 z f 
6 - 4* 9 
2 
15 - 4" 11 


Electramagnetic Velocity Probe 


Computer Analysis of High Speed Cineangiography 


* Forward Reversed 
| Authors Year Flow Flow 
Schenk, McDonald, 

and Drapanas*”’ 1962 5 - 
Ferguson’? 1963 1] - 

' Moreno, Burchell, 

Rousselot, ef al.™ 1967 857 - 
Price, Vorhees and 

Britton*” 1967 21 - 
Fauvert" 1967 2 
Leger, Lenriot, Gorin 

and Lemaigre?“ 1970 9 > 
Smith*® 1973 18 - 
Burchell, Moreno, Panke 

and Nealon’ 1974 145+ - 
Moreno, Burchell. 

Reddy, et al.” 1974 153+ - 
Subtotals 269 
Strandell, Delin, 

Erwald, et al.® 1973 | - 
Sovak, Soulen 

and Reichle** 1971 3 - 


Grand Totals 273 - 2 - 
ao a 


*Small magnitude. 
tCumulative series. 
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POST-SHUNT 





Reverse flow in 
hepatic limb of 


shunt 


Fic. 6. Recordings with the 
electromagnetic flowmeter 
in one patient with cir- 
rhosis after completing a 
side to side portacaval 
shunt. Note the ability of 
the flowmeter to measure 
retrograde or reversed flow 
in the hepatic limb of the 
shunt and forward or 
cephalad flow in the splan- 
chnic limb. 


POST- SHUNT 


Cephalad flow in 


splanchnic limb 


to electromagnetic flowmeter studies, reported one pa- 
tient with cirrhosis apparently showing spontaneous re- 
versal of portal flow during intraparenchymal injection. 
Unfortunately, the authors did not provide electromag- 
netic flowmeter measurements in this uniquely interesting 
patient. 


Actual Measurements of Magnitude and Direction 
of Portal Vein Flow 


In a rather extensive review of the literature which 
includes the 12 year period between 1962 and the present 
writing, we have been able to collect measurements of 
magnitude and direction of portal flow in 294 human 
subjects. Of these subjects, 273 were patients with cir- 
rhosis of the liver and portal hypertension and 21 were 
normal control subjects (Table 1). There was no single 
instance of measured spontaneous reversal of flow in the 
portal vein. although such reversal of flow was detected 
and measured in the hepatic limb of a side to side 
portacaval shunt in 11 patients. 

Electromagnetic flowmeters, most frequently of the 
square wave type of Denison and Spencer,’ were used in 
284 subjects including 269 patients with cirrhosis and 15 
normal control subjects. These flowmeters detected re- 
versed flow very clearly when such reversal was present, 
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i.e.. after side to side portacaval shunt. Figure 6 shows, 
tracings of flow obtained with one such instrument. Aftera ~ 
side to side portacaval shunt, flow takes place in the retro= 
grade direction in the hepatic limb of the shunt and im the ` 
forward direction in the splanchnic limb. Note the elear 

upward and downward deflection from zero line in the case 

of forward and retrograde flow respectively. At this point, ~ 
we would like to correct an error frequently made when 
quoting the article by Price et al.*! on measurements using 
flowmeters. The article is quoted as reporting three pa- 
tients with spontaneous reversal of portal flow in cirrhosis. 
Actually, in two of the patients, the reversed flow was 
measured after side to side portacaval shunt, and did not 
occur spontaneously. In the remaining case. spontaneous 
reversal of portal flow was diagnosed by the method of 
intraparenchymal deposition of contrast medium and was 
not measured with the flowmeter. We have referred to this 
patient before;in the section of radiologic studies. 

Before concluding the discussion of measurements of 
magnitude and direction of portal vein flow using elec- 
tromagnetic flowmeter, it is only fair to point out that in the 
report of Smith et al.** there is mention of one patient with 
cirrhosis who appeared to have spontaneous reversal of 
portal flow as detected by the electromagnetic flowmeter. 
Unfortunately, the authors did not measure. or did not 
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report, the magnitude of such flow. This patient appears not 
to have been included in a later report by Smith.°° 

We have found only one report on the use of an electro- 

magnetic velocity probe in the portal vein of a patient with 
cirrhosis,» and we include this patient as showing no spon- 
taneous reversal of portal flow as measured by a slightly 
different technic. However, the truly independent mea- 
_surements that could be taken as a guideline for comparison 
_ of thé electromagnetic flowmeter are those reported by 
Sovak and associates.*! These authors used a highly 
sophisticated technic which allowed them to measure por- 
tal flow in awake patients, This point is crucial, because of 
the frequent questioning of the validity of portal flow meas- 
urements at operation, with patients under anesthesia. 
After recannulating the umbilical vein several days prior to 
the measurements, Sovak and associates injected droplets 
of oily contrast medium at the hilum of the spleen. As the 
droplets traversed the splenic and portal veins, high speed 
cineangiograms were taken. The film was projected ona 
: Thompson plotting table connected *‘on line™ with a Line 
Eight digital computer. A polynomial curve, derived from 
experiments in hydraulic models, was used to relate the 
droplet velocity to the true blood velocity. 

With the careful technique just described. and with accu- 
rate biplane assessment of the cross-sectional area of the 
portal vein, Sovak and associates measured portal blood 
‘flow in six normal control subjects and obtained a mean 
value of 1160 + 243(S.D.) ml/min. This value and its stan- 
dard deviation are of the same order of magnitude as our 
measurements with the electromagnetic flowmeter in nor- 
mal subjects: 1299 + 246 (S.D.).°* What is more remarka- 
ble. they found respiratory oscillations amounting to 20% 
of the total normal flow, which is exactly the amount we 
“reported with the electromagnetic flowmeter.*? During in- 
spiration they found that the velocity of the portal flow 
decreased to 5 cm/sec while during expiration the flow 
accelerated to 26 cm/sec. It was precisely this type of 
alternation which led us to formulate our early. two- 
chamber, hepatic valve model of respiratory regulation of 
systemic and splanchnic venous return.” Finally, Sovak et 
_ al. found further confirmation of our findings in cirrhosis. 
In their patients with this disease. the respiratory oscilla- 
tions grew to become a substantial portion of the total flow. 
We had reported these oscillations to reach 40. 50. 80 and 
even 100% of the total flow in cirrhosis. The latter amounts 
we found in patients with stagnant flow showing only toand 
fro oscillations synchronous with the respiratory cycle. 
The Sovak etal. counterparts for these extreme cases were 
one patient in whom forward flow took place only during 
inspiration, and another patient, who showed only to and 
fro motions synchronous with respiration. 

The unusually close agreement between two completely 
different methods of measuring portal vein flow, i.e.. elec- 
tromagnetic flowmeter measurements during anesthesia 
and computer analysis of high speed cineangiography in 
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awake patients, increases our confidence in our findings, 
and in those of others using flowmeters, who failed to 
demonstrate spontaneous reversal of portal flow in cir- 
rhosis. 


Discussion 


In a rather extensive review of the literature, we have 
collected most of the evidence that could be mustered to 
build a case for the occurrence of spontaneous reversal of 
portal flow in patients with cirrhosis of the liver. We have 
examined such evidence under four different headings: 
manometric studies, radioactive tracer studies, radiologic 
studies and actual measurements of magnitude and direc- 
tion of portal blood flow. 

The manometric evidence, as presented, has only the 
value of indirect evidence which requires accepting the 
assumption that the differences in pressure between the 
hepatic and splanchnic sides ofa clamp occluding the portal 
vein, or between the hepatic occluded and the free portal 
pressure, are true pressure differentials or hydraulic gra- 
dients for portal flow. The lack of correlation between these 
differences in pressures and the measured portal flow, were 
the first signs of alert that these differences, after all, may 
not be true gradients for flow in the portal vein. The further 
demonstration that hepatic occluded pressures higher than 
the splanchnic occluded or the free portal pressure, can still 
coexist with significant forward portal flows added more 
doubts to the validity of the fundamental assumptions used 
to support the argument of the occluded portal pressures. 
We have been able to demonstrate by a theoretical analysis 
based on first principles, and by clinical measurements, 
that the hepatic occluded pressure approximates the 
sinusoidal pressure only during occlusion of the portal 
vein, but that it is quite different from the sinusoidal pres- 
sure in the absence of occlusion of the portal vein. Since the 
latter is the relevant quantity to construct a gradient for 
portal flow, the argument for using the hepatic occluded 
pressure becomes considerably weakened. Furthermore. 
reports in the literature correlating these differences with 
clinical results, are difficult to reconcile with simple statis- 
tical treatments. 

Evidence from radioactive tracers studies make a good 
case for reversal of flow in the hepatic limb of a side to side 
portacaval shunt, but provides little if any evidence of 
spontaneous reversal of portal flow in cirrhosis. 

Forced retrograde injection of contrast material into 
the portal system performed from the wedged hepatic 
vein position, has been proposed as proof of spontaneous 
reversal of portal flow in cirrhosis. Different inves- 
tigators have reported completely opposite results. There 
are at least two patients in the literature who showed 
what was considered evidence of spontaneous reversal of 
portal flow during forced wedged hepatic vein injection 
but who were demonstrated to have significant forward 
flow during measurements with the electromagnetic 
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flowmeter. Even accepting the validity of the findings of 
the most decided advocates of the technic of wedged 
hepatic vein injection, we have been able to find in their 
reports only six patients with presumed reversal of portal 
flow in cirrhosis during the period between 1962 and this 
writing. 

Flooding of the portal vein with contrast material in- 
jected through the recannalized umbilical vein is normally 
followed by a washout which ends in hepatic perfusion by 
the dye stained portal blood. If this does not occur, the 
presumption of spontaneous reversal of portal blood flow is 
commonly advanced. Besides the fact that stagnant portal 
flow, which is found in 8% of patients with cirrhosis, would 
render the same results, the incidence of this presumed 
reversal of portal flow has been reported in only two pa- 
tients with cirrhosis. 

Non-visualization of the portal vein during splenic por- 
tography has been shown to coexist not only with patent 
portal veins, but also with forward direction in portal flow. 
Our own evidence denies reversal of flow in portal veins 
non-visualized during splenic portography but found to 
have forward flow when it was measured with the elec- 
tromagnetic flowmeter. 

Selective hepatic arteriography would be an ideally 
physiological means of demonstrating spontaneous re- 
versal of portal flow. Indeed, it has been used success- 
fully to demonstrate such spontaneous reversal in pa- 
tients with Budd-Chiari syndrome, as well as reversal of 
flow in the hepatic limb of a side to side portacaval shunt. 
However, we have been unable to find a single report of 
spontaneous reversal in cirrhosis by the use of this 
technic. 

In a large series of patients with cirrhosis submitted to 
hepatic intraparenchymal deposition of contrast medium, 
there is one false positive case of spontaneous reversal of 
portal flow which was negated by direct measurements of 
forward flow with the electromagnetic flowmeter. 
Another patient who was reported as showing a pattern 
compatible with spontaneous reversal of portal flow 
during intraparenchymal deposition of contrast medium 
was not submitted to the challenge of direct measure- 
ments with the electromagnetic flowmeter. 

Actual measurements of magnitude and direction of 
portal flow in 273 patients with cirrhosis collected in the 
literature have shown no incidence of spontaneous rever- 
sal of portal blood flow. Results using electromagnetic 
flowmeters in patients under anesthesia have been con- 
firmed by methods using computer analysis of high speed 
cineangiography in awake patients. There is, on the other 
hand, one isolated report of reversed direction, no mag- 
nitude indicated, of portal blood flow in cirrhosis. The 
authors of this article do not clarify the reasons for 
omitting the magnitude of this reversed flow in their 
report while including the magnitude of a forward portal 
flow in another patient. 
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Conclusions 


In summarizing the data collected in this report, we 
cannot avoid the conclusion that the evidence for spon- 
taneous reversal of portal flow in cirrhosis is weak and 
sparse. In our own personal judgement, the strongest 
support for this hypothesis derives from one patient 
whose direction of portal flow is said to have been found 
reversed during flowmeter determinations which did not- 
include a report of the magnitude of the flow. What might 
be more important, there is no instance in which the 
presumed spontaneous reversal of portal flow has been 
confirmed by two independent methods of demonstra- 
tion. 

On the other hand, the evidence against spontaneous 
reversal of portal flow in cirrhosis seems to be over- 
whelming on both, qualitative and quantitative terms. 

In the light of the findings discussed, and unless. new 
and convincing evidence can be brought into the picture, 
we fail to see how we can serve the best interests of 
medicine in general and of our patients in particular by 
prolonging a debate concerning the clinical significance 
of an unproven phenomenon whose occurrence has been 
postulated, at best, on the basis of mere circumstantial 
evidence. R 
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Indications: Nutritional supplemen- 
tation in conditions in which water- 
soluble vitamins are required 
prophylactically or therapeutically. 


| 

Warning: Not intended for treatment - 
of pernicious anemia or other primary | 
or secondary anemias. Neurologic | 
involvement may develop or pro- | 
gress, despite temporary remission - 
of anemia, in patients with perni- | 
cious anemia who receive more than | 
0.1 mg of folic acid per day and who - 
| 

| 

| 

| 

| 

| 

| 

| 
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J. B. Lippincott Company 
East Washington Square e Phila., Pa. 19105 


Please send me: 
C] ILLUSTRATED PREOPERATIVE 


y : AND POSTOPERATIVE CARE 
are inadequately treated with 





vitamin Bj. Nas... WB 
Dosage: 1 or 2 tablets daily, as indi- | ——— —————— 
cated by clinical need. i OR — 


Available: In bottles of 100. O Payment enclosed [] Charge and bill me 


Also available at your medical bookstore AS 3/75 
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ROCHE LABORATORIES 
Division of Hoffmann-La Roche Inc. 
Nutley. New Jersey 07110 









PUBLISHED TO CORRECT A PREVIOUS 
PROMOTIONAL CAMPAIGN WHICH THE FOOD AND 
DRUG ADMINISTRATION CONSIDERS MISLEADING 


NISCOVER 








MINOCYCLINE HCI 





THE FOLLOWING PAGE PRESENTS IMPORTANT INFORMATION WHICH THE 
F.D.A. BELIEVES WAS NOT FAIRLY CONVEYED BY THE “DISCOVER MINOCIN” 
PROMOTIONAL CAMPAIGN. 


MINOCIN IS A TETRACYCLINE WITH GENERALLY 
THE SAME SPECTRUM AND LIMITATIONS AS 
TETRACYCLINE HCI. 








MINOCIN PROMOTION SPOTLIGHTED TABLES OF TISSUE PENE- 


NISCOVER TRATION DATA AND INITIAL CLINICAL TRIAL DATA. THE F.D.A. 


; | REGARDS THESE DATA AS DIRECT CLAIMS OF EFFECTIVENESS 
I specificit 
Wideranceofcommon FOR SPECIFIC SITE INFECTIONS. 


Infections due to Susceptible WHILE TISSUE PENETRATION IS CONSIDERED 

ESSENTIAL TO THERAPEUTIC EFFICACY, AND 
WHILE INITIAL CLINICAL TRIALS DEALT WITH 
NUMEROUS SPECIFIC SITE INFECTIONS, SUCH 
DATA AS PRESENTED IN THE MINOCIN PROMO- 
TION ARE INADEQUATE TO SUPPORT CLAIMS OF 
DISEASE SPECIFICITY. 





VENEREAL DISEASE WAS A FEATURED THEME OF MINOCIN 
PROMOTION. 


INJECTABLE BENZATHINE PENICILLIN G IS THE 

DRUG OF CHOICE FOR SYPHILIS. INJECTABLE 

against microorganisms PROCAINE PENICILLIN G IS THE DRUG OF CHOICE 
of venereal disease FOR GONORRHEA. 





“HOSPITAL INFECTIONS DUE TO SUSCEPTIBLE PATHOGENS” WAS 
ANOTHER FEATURED THEME. 


ALTHOUGH MINOCIN SHOWS MODERATE IN VITRO 
ACTIVITY AGAINST CERTAIN STRAINS OF STAPHY- 
LOCOCCI RESISTANT TO TETRACYCLINE HCI, 
NEITHER MINOCIN NOR ANY OTHER TETRACYCLINE 


_inawide range of hospital IS THE DRUG OF CHOICE FOR STAPHYLOCOCCAL 
infections ae to susceptible INFECTION. 
pathogens 





MINOCIN WAS PROMOTED FOR UPPER RESPIRATORY 
INFECTIONS. 


NEITHER MINOCIN NOR ANY OTHER ANTIBIOTIC 

IS INDICATED FOR VIRAL UPPER RESPIRATORY 
INFECTIONS. IN ADDITION, NEITHER MINOCIN NOR 
ANY OTHER TETRACYCLINE IS RECOMMENDED 
FOR PROPHYLAXIS OF RHEUMATIC FEVER FOL- 
LOWING STREPTOCOCCAL INFECTIONS. 





in a wide range of respiratory 
infections due to 
susceptible pathogens 
THE MINOCIN PROMOTIONAL CAMPAIGN EMPHASIZED THAT ONE 
TETRACYCLINE SIDE EFFECT HAD NOT BEEN REPORTED WITH 
No MINOCIN. 


photosensitivity | | UNLIKE OTHER TETRACYCLINES, CNS SIDE EF- 
reported to date | FECTS INCLUDING LIGHTHEADEDNESS, DIZZI- 

NESS, OR VERTIGO HAVE BEEN REPORTED WITH 
MINOCIN. PATIENTS WHO EXPERIENCE THESE 
SYMPTOMS SHOULD BE CAUTIONED ABOUT DRIV- 
ING VEHICLES OR USING HAZARDOUS MACHINERY 
WHILE ON MINOCYCLINE THERAPY. 


THIS PROMOTIONAL CAMPAIGN HAS BEEN DISCONTINUED BY 
DIRECTION OF THE FOOD AND DRUG ADMINISTRATION. 








MINOCIN’ Minocycline Hydrochloride 
Oral and Intravenous 


DESCRIPTION: MINOCIN minocycline hydrochloride 
is a s@mi-synthetic derivative of tetracycline. 7- 
dimethylamino-6-deoxy-6-demethyltetracycline 
hydrochloride 

Intravenous: Each vial, dried by cryodesiceation 
contains sterile Minocycline Hydrochloride equivalent 
to 100 mg. Minocycline When reconstituted with 5 cc 
of Sterile Water For Injection the pH ranges from 2.0 


102.8 

ACTIONS: Microbiology. The tetracyclines are pri- 
marily bacteriostatic and are thought to exert their 
antimicrobial effect by the inhibition of protein synthe- 
sis. Minocycline HCI is a tetracycline with antibacterial 
activity comparable to other tetracyclines with activity 
against a wide range of gram-negative and gram-posi- 
tive organisms 

Tube dilution testing: Microorganisms may be con- 
sidered susceptible (likely to respond to minocycline 
therapy) the minimum inhibitory concentration 
(M.L.C_| is not more than 4.0 mcg_/ml. Microorganisms 
may be considered intermediate (harboring partial 
resistance) if the MIC is 40 to 125 mcg ‘mi and 
resistant (not likely to respond to minocycline therapy) 
if the MIC is greater than 12. 5 mcg /mi 

Susceptibility plate testing: If the Kirby-Bauer 
method of susceptibility testing (using a 30 meg tetra- 
cycline disc) gives a zone of 18 mm or greater. the 
bacterial strain is considered to be susceptible to any 
tetracycline. Minocycline shows moderate in vitro 
activity against certain strains of staphylococci which 
have been found resistant to other tetracyclines For 
such strains minocycline susceptibility powder may be 
used for additional susceptibility testing 
INDICATIONS: MINOCIN minocycline HC! is indicated 
in infections caused by the following microorganisms 

Rickettsiae: (Rocky Mountain spotted fever, typhus 

fever and the typhus group. Q fever, rickettsialpox, 

tick fevers | 

Mycoplasma pneumoniae (PPLO, Eaton agent! 

Agents of psittacosis and ornithosis Agents of tym- 

phogranuloma venereum and granuloma inguinale 

The spirochetal agent of relapsing fever (Borrelia 

recurrentis). The following gram-negative micro 

organisms 

Haemophilus ducrey: chancroid), Pasteurella pestis 

and Pasteurella tularensis, Bartonella bacillitormis. 

Bacteroides species, Vibrio comma and Vibrio fetus. 

Brucella species (in conjunction with streptomycin) 

Because many strains of the following groups of 
microorganisms have been shown to be resistant to 
tetracyclines, culture and susceptibility testing are 
recommended 

MINOCIN minocycline HC! is indicated tor treatment 
of infections caused by the following gram-negative 
microorganisms when bacteriologic testing indicates 
appropriate susceptibility to the drug 

cherichia coli, Enterobacter aerogenes (formerly 

Aerobacter aerogenes), Shigella species. Mima spe- 

cies and Herellea species, Haemophilus influenzae 

(respiratory infections), Klebsiella species |respira- 

tory and urinary infections) 

MINOCIN is indicated for treatment of infections 
caused by the following gram-positive microorganisms 
when bacteriologic testing indicates appropriate sus- 
ceptibility to the drug 
Streptococcus species. Up to 44 percent of strairs of 
Streptococcus pyogenes and 74 percent of Strepto- 
coccus faecalis have been found to be resistant to 
tetracycline drugs Therefore. tetracyclines shoulc not 
be used for streptococcal disease unless the organism 
has been demonstrated to be sensitive 

For upper respiratory infections due to group A 
beta-hemolytic streptococci, penicillin is the usual 
—* of choice including prophylaxis of rheumatic 

ever 

Diplococcus pneumoniae 

Staphylococcus aureus, skin and soft tissue infections 
Tetracyclines are not the drugs of choice in the treat- 
ment of any type of staphylococcal infection 

When penicillin is contraindicated, tetracyclines are 
alternative drugs in the treatment of infections due 
to 

Nesser gonorrhoeae, and Nerssena meningitidis 

(LV only), Treponema pallidum and Treponema për- 

tenue (syphilis and yaws) Listeria monocytogenes, 

Clostridium species, Bacillus anthracis. Fusobac- 

terium fusiforme (Vincents infection) Actinomyces 

species 

In acute intestinal amebiasis. the tetracyclines may 
be a useful adjunct to amebicides 

MINOCIN is indicated in the treatment of trachoma 
although the infectious agentis not always eliminated. 
as judged by immunofiuorescence Inclusion conjunc- 
tivitis may be treated with oral tetracyclines or with a 
combination of oral and topical agents 

Oral only: in severe acne. the tetracyclines may be 
useful adjunctive therapy Minocycline is indicated in 
the treatment of asymptomatic carners of N meningi- 
tidis to eliminate meningococc! from the nasopharynx 

In order to preserve the usefulness of MINOCIN 
minocycline HCI in the treatment of asymptomatic 
meningococcal carriers. diagnostic laboratory proce- 
dures. including serotyping and susceptibility testing. 
should be performed to establish the carrier state and 





the correct traatment It is recommended that the drug 
be reserved ‘or situations in which the risk of menin- 
gococcal meningitis is high 

Minocycline by oral administration is not indicated 
for the treatment of meningococcal infection. 
CONTRAINDICATIONS: This drug is contraindicated 
in persons wHo have shown hypersensitivity to any of 
the tetracyclines 
WARNINGS=In the presence of renal dysfunction. 
particularly m pregnancy, intravenous tetracycline 
therapy in daily doses exceeding 2 grams has been 
associated with deaths through liver failure 

When the reed for intensive treatment outweighs its 
potential dancers (mostly during pregnancy or in indi- 
viduals with known Or suspected renal or liver impair- 
ment), itis adv:sable to perform renal and liver function 
tests before and during therapy Also tetracycline 
serum concentrations should be followed 

If renal impairment exists. even usual oral or paren- 
teral doses may lead to excessive systemic accumula- 
tion of the drug and possible liver toxicity Under such 
conditions, lower than usual total doses are indicated. 
and if therapyes prolonged, serum level determinations 
of the drug mey be advisable This hazard is of particu- 
lar importanae in the parenteral administration of 
tetracyclines 10 pregnant or postpartum patients with 
pyelonephritis When used under these circumstances. 
the blood level should not exceed 15 micrograms/m! 
and liver function tests should be made at frequent 
intervals Other potentially hepatotoxic drugs should 
not be prescmped concomitantly 

The use of tetracyclines during tooth development 
(last half of pregnancy. infancy, and childhood to the 
age of 8 years) may cause permanent discoloration of 
the teeth (yellow-gray-brown) This adverse reaction is 
more commana during long-term use of the drugs but 
has been o&served following repeated short-term 
courses. Enamel! hypoplasia has also been reported. 
Tetracyclines therefore, should not be used in this age 
group unlessother drugs are not likely to be effective 
or are contraindicated 

Photosensivity manifested by an exaggerated sun- 
burn reaction has been observed in some individuals 
taking tetracyclines. Patients apt to be exposed to 
direct sunlight or ultraviolet light should be advised 
that this reactton can occur with tetracycline drugs, and 
treatment sheuld be discontinued at the first evidence 
of skin erythema Studies to date indicate that photo- 
ene dees not occur with MINOCIN minocycline 


The antiarabolic action of the tetracyclines may 
cause an increase in BUN. Whilethis is nota problem in 
those with nermal renal function, in patients with sig- 
nificantly impaired function, higher serum levels of 
tetracycline may lead to azotemia. hyperphosphate- 
mia, and acicosis 

CNS side effects including lightheadedness. dizzi- 
ness or vergo have been reported Patients who 
experience Mese symptoms should be cautioned 
about driving vehicles or using hazardous machinery 
while on mirocycline therapy These symptoms may 
disappear dunng therapy and always disappear rapidly 
when the drug is discontinued 
Usage in Pregnancy. (See above Warnings about use 
during tooth cevelopment ) 

Results of snimal studies indicate that tetracyclines 
cross the placenta, are found in tetal tissues and can 
have toxic effects on the developing fetus [often 
related to resardation of skeletal development) Evi- 
dence of embryotoxicity has also been noted in animals 
treated earlyon pregnancy 
Usage in newborns, intants, and children. (See above 
“Warnings aout use during tooth development | 

All tetracyaiines form a stable calcium complex in 
any bone forming tissue A decrease in the fibula 
growth rate ñas been observed in prematures given 
oral tetracyc me in doses of 25 mg /kg every 6 haurs 
This reactionewas shown to be reversible when the drug 
was discontinued 

Tetracyclires are present in the milk of lactating 
women who ire taking a drug in this class 
PRECAUTIONS: As with other antibiotic prepara- 
tions, use of this drug may result in overgrowth of 
nonsusceptive organisms, including tung: If superin- 
fection occurs, the antibiotic should be discontinued 
and appropriate therapy should be instituted 

In venereal diseases when coexistent syphilis is 
suspected carkfield examination should be done 
before treatment is started and the blood serology 
repeated mcathly for at least 4 months 

Because tetracyclines have been shown to depress 
plasma prothrombin activity, patients who are on anti- 
coagulant therapy may require downward adjustment 
of thew anticwagulant dosage 

In long-term therapy periodic laboratory evaluation 
of organ systems. including hematopoietic. renal and 
hepatic studies should be performed 

All infections due to Group A beta-hemolytic strep 
tococc! should be treated for at least 10 days 

Since bacteriostatic drugs may interfere with the 
bactericidal action of penicillin, it is advisable to avoid 
giving tetracycline in conjunction with penicillin 
ADVERSE REACTIONS: Gastrointestinal: Anorexia. 
nausea, vomiting. diarrhea glossitis. dysphagia 
enterocolitis and inflammatory lesions (with monilial 
overgrowth) en the anogenital region 

These reactions have been caused by both the oral 





and parenteral administration of tetracyclines. Skin: 
Maculopapuiar and erythematous rashes Exfoliative 
dermatitis has been reported but is uncommon. Photo- 
sensitivity is discussed above. | See Warnings} Renal 
toxicity: Rise in BUN has been reported and is 
apparently dose related. (See Warnings”) Hypersen- 
sitivity reactions: Urticaria. angioneurotic edema, ana- 
phylaxis, anaphylactoid purpura. pericarditis and 
exacerbation of systemic lupus erythematosus. Bulg- 
ing fontanels have been reported in young infants 
following full therapeutic dosage This sign disap 
peared rapidly when the drug was discontinued. Blood: 
Hemolytic anemia, thrombocytopenia, neutropenia 
and eosinophilia have been reported CNS; (See 
Warnings’) When given over prolonged periods. 
tetracyclines have been reported to produce brown- 
black microscopic discoloration of thyroid glands. No 
abnormalities of thyroid function studies are known 
to occur 
DOSAGE AND ADMINISTRATION: ORAL. Therapy 
should be continued for at least 24-48 hours after 
symptoms and fever have subsided 
Concomitant therapy: Antacids containing alumi- 
num, calcium, or magnesium impair absorption and 
should not be given to patients taking oral tetra- 
cycline 
Studies to date have indicated that the absorption of 
MINOCIN is not notably influenced by foods and dairy 
products 
In patients with renal impairment: (See Warnings ) 
Total dosage should be decreased by reduction of 
recommended individual doses and/or by extending 
time intervals between doses 
in the treatment of streptococcal infections, a thera- 
peutic dose of tetracycline should be administered for 
at least 10 days 
Adults: The usual dosage of MINOCIN minocycline 
HC! ıs 200 mg initially followed by 100 mg every 12 
hours Alternatively. if more frequent doses are pre- 
ferred, two or four 50 mg capsules may be given 
initially followed by one 50 mg. capsule four times 
daily 
Children: The usual dosage of MINOCIN minocy- 
cline HCI is 4 mg/kg initially followed by 2 mg./kg 
every 12 hours 
For treatment of syphilis. the usual dosage of 
MINOCIN should be administered over a period of 
10-15 days. Close follow-up. including laboratory tests. 
is recommended 
Gonorrhea patients sensitive to penicillin may be 
treated with MINOCIN, administered as 200 mg. ini- 
tially followed by 100 mg every twelve hours for a 
minimum of 4 days. with post-therapy cultures within 
2-3 days 
In the treatment of meningococcal carrier state rec- 
ommended dose is 100 mg. every 12 hours for five 


da 

DOSAGE AND ADMINISTRATION: INTRAVENOUS. 
Note: Rapid administration is to be avoided Parenteral 
therapy is indicated only when oral therapy is not 
adequate or tolerated Oral therapy should be insti- 
tuted as soon as possible If intravenous therapy is 
given over prolonged periods of time. thrombophle 
bitis may result 

Adults: Usual adult dose 200 mg. followed by 100 
mg. every 12 hours and should not exceed 400 mg. in 
24 hours The drug should be initially dissolved and 
then further diluted to 500-1000 cc with either 
Sodium Chloride Injection USP. Dextrose Injection 
USP Dextrose and Sodium Chloride Injection USP 
Ringers injection USP. or Lactated Ringers injection 
USP but not in other solutions containing calcium (a 
precipitate may form) 

The reconstituted solutions are stable at room tem- 
perature for 24 hours without significant loss of 
potency Any unused portions must be discarded after 
that period The final dilution for administration should 
be administered immediately 

Children: Usual pediatric dose: 4 ma /kg followed by 
2 mg/kg every 12 hours 

In patients with renal impairment: (See Warnings”) 

Total dosage should be decreased by reduction of 
recommended individual doses and/or by extending 
time intervals between doses 
HOW SUPPLIED: CAPSULES—Minocycline 
Hydrochloride equivalent to 100 mg Minocycline 
Hardshell purple and orange Botties of 50 100 and 
Unit Dose 10 x 10s. Product No. 5301. 

Minocycline Hydrochionde equivalent to 50 mg 
Minocycline Hardshell orange Bottles of 100 and Unit 
Dose 10 x 10s Product No 5300. 

SYRUP—Minocycline Hydrochloride equivalent to 
50 mg Minocycline per teaspoonful (5 cc.) Preserved 
with propylparaben 0.10% and butylparaben 0.06% with 
Alcohol USP 5% v/v. Custard-flavored in bottles of 2 fil 
oz Product No 5313 

INTRAVENOUS — 100 ma vials of sterile cryodesic- 
cated powder Product No 5305. (Combined 10/74) 
MILITARY NSN 6505-00-149-0574 100 mg. LV. 


coy NSN 6505-00-003-5112 
s 
VA NSN 6505-00-003-5112A 


Lederle Laboratories, A Division of 
American Cyanamid Company f Lederle 
Pearl River, N Y 10965 


100 mg. capsules 





Pulmonary embolism is considered one 

of the most common causes of post- 
operative mortality, a frequent occurrence 
in the medical patient and the greatest 
single cause of maternal deaths due to 
childbirth.1 Mortality figures of 50,000 to 
150,000 are cited. 95% of pulmonary 
emboli originate as thrombi in the leg 
veins and pelvis.” 


What causes the initial thrombus is open 
to debate. We know that venous stasis, 
changes in blood coaguability and vessel 
damage all may play a part, but which 
one—and how much? 


Pulmonary embolism can be reduced 
through a rigidly implemented 
prophylactic program. The five basic 
elements are bed elevation, passive and 
active exercise, elastic compression, 
ambulation and anti-coagulants. All of 





these, or only those indicated for your 
patient, will lessen the danger of clot 
formation in the venous system. 


Compression, by properly fitted elastic 
stockings, is a critical element in the 
program. When applied, compression acts 
on the deep veins of the legs where 90% 
of thrombi form. In 1973, Sigel et al 
documented that the velocity of blood in 
the femoral vein is increased when 
compression is applied.3 It has been 
demonstrated that the blood velocity 
increase is maintained.’ The conclusion 
made from the studies is that stasis, a 
commonly accepted contributing factor, is 
substantially reduced. Compression does 
work. 


Bed Exercise 





The most effective application of 4. Skillman, John 

compression is achieved with T.E.D. __ — — paaa niese 
Anti-Embolism Stockings. T.E.D.’s A Selective Review and Personal Viewpoint. 
are fabricated with proper ! —— at 1974, pp. — 
functioning pressures knit into the - pume, H., et al, Venous Thrombi anc 
stocking in the five critical areas of Wek ss alain ais 


the leg: ankle, calf, popliteal space, 3 Sigel, Bernard, et al, Compression of the 


lower thigh and upper thigh. Deep Venous System of the Lower Leg 
during Inactive Recumbency. Arch Surg. 
The stockings assure optimal 106: Jan. 1973, pp. 38-43. 


compression while safeguarding the 4 Sigel. Bernard, et al, pp. 38-43. 

patient. In addition, Kendall backs 

their quality anti-embolism stockings 

with a program of continuing 

in-service, and knowledgeable 

Kendall representatives who can 

answer questions regarding stocking HOSPITAL PRODUCTS 

function, fit and application. CHICAGO, ILLINOIS 60606 
© 1975, The Kendall Co. 

You can protect your patient from 

the possibility of pulmonary 

embolism with the added measure 

of T.E.D. Anti-Embolism Stockings. 








Antitumor Immune Response Following Injection... 
of Neuraminidase-treated Sarcoma Celis 


Mice inoculated with MCA-10 sarcoma cells which had previously 
" been incubated with Vibrio cholerae neuraminidase (VCN) dem- 
onstrated a significantly lower tumor incidence (9/26) than mice 
injected with untreated sarcoma cells (10/10) or sarcoma cells incu- 
bated with heat-inactivated neuraminidase (28/29) p <.05. Rechal- 
lenge of nontumor-bearing mice from the VCN group with un- 
treated sarcoma cells resulted in a low tumor incidence (4/11), 


indicating that these mice had developed systemic immunity follow-. 


ing the initial injection of VCN-treated tumor cells. These mice also 
demonstrated significant lymphocytotoxicity against MCA-10 
target cells compared with normal control mice (p <.05). Sub- 
sequent cytotoxicity experiments, utilizing groin lymph node and 


splenic lymphocytes from mice five days following leg injection of . 


VCN-treated, heat-inactivated VCN-treated or untreated MCA-10 

cells, demonstrated that the mice injected with VCN-treated tumor 

cells demonstrated greater antitumor immunity both locally and 

systemically. This magnification of tumor immunity is postulated as 

the mechanism by which neuraminidase treated MCA-10 sarcoma 

cells grew less well in C57 mice than cells incubated with heat- 
inactivated VCN or cells left untreated. 


REATMENT OF MALIGNANT CELLS with Vibrio 
cholerae neuraminidase (VCN) has been shown to 
heighten their immunogenicity. It has been demonstrated 
experimentally that known nonimmunogenic leukemia 
L1210cells, when treated with VCN, are rejected following 
inoculation into mice.’ Furthermore, mice treated in this 
fashion are immune to subsequent challenge with untreated 
L1210 cells, which ordinarily grow in 100% of control 
mice.! Simmons et al.!! have shown, in mice, that in- 
tratumor injection of VCN results in tumor regression. 
These investigators have also indicated that injection of 
VCN-treated malignant cells into sarcoma-bearing mice 

results in immunospecific tumor regression.”° 
- Although the in vivo work reported overwhelmingly 


- Submitted for publication July 8, 1974. 
Reprint requests: Robert P. Faraci, M.D., Surgery Branch, 1ON116, 
National Institutes of Health, Bethesda, Maryland 20014. 
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suggests that neuraminidase treatment increases’ 5 thes im- a 


munogenicity of malignant cells, it is ‘unclear how this 


heightened immuno geni city! is related to tumor. rejt jection by. ee 


a host which has not been previously exposédto that tümót: j A a 


Whether the host immune response is more rapid following i 
injection of VCN-treated tumor cells, or whether thereè is a a a 


quantitatively greater immune response is. not Known: 


The purpose ofthese experiments is first, to demonstrate : 


increased immunogenicity..of <a. murine | methyl⸗ 
cholanthrene- induced fibrosarcoma 
neuraminidase treatment and secondly, to determine, 


following: .: 


using lymphocytotoxicity assays, the effect of this: th — 


creased immunogenicity on the host 1 immune respoiise..; 


* 
x e“ 
2 


* 


Materials and Methods 


An inbred strain of C,,B 16N female mice, obtained from’ 


the Laboratory Aids Branch, National Institutes of Health; 


was utilized in all experiments. The tumor employed Wasa. : 


sarcoma (MCA-10) induced by an injection of. methyl: — 


cholanthrene in a female C;,B 1/6N mouse and. maintained — : ‘i 


by serial trocar transplantation. 


Tumor cell suspensions were prepared by mincing tumor — 


in 0.25% trypsin and agitating for 20 minutes. This was gE 


repeated twice, and the supernatant from the: second tryp- — 
sinization was centrifuged at 1,500 rpm at 4C for ten min-.< 
utes. The cells were resuspended and counted’ in a: #22" 
hemocytometer. Viability was tested by ability to exclude ` 


0.05% trypan blue, and cell a of80-90% viability 
were obtained. 


Lymphocyte-mediated cytotoxicity studies were ac- ` 


complished by routine methods.”?4 MCA-10 sarcoma cells 
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incubated for 30 minutes with 50U heat-inactivated VCN 
(AVCN). 


a : FARACI,MARRONE AND KETCHUM Ann. Surg. + March 1975 
a. oye TUMOR INCIDENCE n 
— ` FOLLOWING CHALLENGE WITH | x 10* MCA-IO CEL_S sal 
JT ARS e E “TREATED WITH VCN, AVCN, OR UNTREATED Ee incidence — — 
owing of viable targe 
3 ee KOLO | : 
1 ADO RSE per on rechallenge cells/well 
sae rae J. * a l 
— +96 oe oe . 
CARES VCN-TREATED 4/11 79.7 + 2.92 
ws: f. 
Be? UNTREATED 15/15 107.6 + 3.35 
af" A 
5 Te re te et ee E NT 
Z 60 A Fic. 2. Experiment 1. Results of tumor rechallenge of nontumor-bearing 
ae is mice from the VCN groups and cytotoxic activity of splenic lymphocytes 
= . 775 of nontumor-bearing mice from the VCN groups. 
45 wy 
* 25 
8 on A U5 1. Control—Ten mice receiving 1x104 MCA-10 cells in- 
W ; A A tramuscularly in the right leg. 
5 ; — 2. AVCN—Fifteen mice receiving IXIOMCA-IO cells 
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Pa oe Ce Untreated: 50 Units iOO Units 50 Units 100 Units 
a reg ? AVCN AVCN VCN VIN 


Fis, “T; “Experiment T, Tumorincidence following intramuscular caallenge 
* Of C57. mice — VCN-treated, AVCN-treated or untreated ACA-10 


ters 


“! elebidu in: iN: 3034 Microtest tissue culture plates* 
* Approximately: {00 cells per well) and 24 hours late=, lym- 
© phocytes were added to a ratio of 100:1 to target cells. The 
“plates were. incubated at 37C for 48 hours in a 5% CO, 
12 Satihesphors: following which lymphocytes were removed, 
enee stained, and the remaining target cells were 


— A seounted, ‘Forty-two replicate wells were included fcr each 
l * * SERE group: Cytotoxic indices were calculated for each rep- 


Tigate well by: the following method: 
2 re Ne. — viable Cantal cells—No. of viable tes cells 
— No. of visible control cells 





AS “cytotoxic index of greater than 0.10 was sign-ficant 


“BS. 05). 
‘Vibrio cholerae neuraminidase} containing 500 units of 
-enzyme/ml was diluted to a concentration of 50U/ml and 


j a = 100U/ml with acetate buffer (0.05M sodium acetate, 


0:154M NaCl, and 0.005M CaCl]; at pH 5.6). Inactivaion of 


— ; x “VCN was achieved by heating to 56C for 30 minutes. Single 
— * “eell suspensions of the MCA-10 sarcoma were washed and 





fresuspended to afinal concentration of 1x 10° cells/mi_/50U 
=. VCN ànd 1x10° cells/ml./100U VCN. Length ofincukation 
a 31G was varied according to the experimental design. 


e _Poperimena design 


is -Experiment 1. Adult C57 mice were divided into five 
“groups as follows: 





—— aleon Plastics, Oxnard, California. 


+General Biochemicals, Chagrin Falls, Ohio. 


3. AVCN—Fourteen mice receiving 1x10* MCA-10 
cells incubated for 30 minutes with 1OOUAVCN. 

4. VCN—Eleven mice receiving 1x104 MCA-cells incu- 
bated for 30 minutes with 50U VCN. 

5. VCN—Fifteen mice receiving 1x10* MCA-10 cells 


incubated for 30 minutes with 100U VCN. l 
Animals were observed twice weekly for tumor incidence 


for a period of one month. At this point, nontumor-bearing 
mice from the VCN groups were either challenged with 
1x10‘ untreated MCA-10 cells or were sacrificed, and their 
splenic lymphocytes were tested for cytotoxic capacity 
against MCA-10 tissue culture target cells. Control lym- 
phocytes for the cytotoxicity test were obtained from the 
spleens of normal untreated mice. | 

Experiment 2. Mice were divided into three groups as 
follows: 

1. VCN—Ten mice injected with 1x104 MCA-10 
sarcoma cells incubated with 50U VCN for 20 minutes. 

2. AVCN—Ten mice injected with 1x10* MCA-10 sar- 
coma cells incubated with 5OUAVCN for 20 minutes. 

3. Control—Ten mice injected with 1x10* untreated 
MCA-10 cells. 

Five days following tumor injection, lymphocytes from 
groin lymph nodes of the tumor-injected leg and splenic 
lymphocytes were tested for cytotoxic activity against 
MCA-10 tissue culture target cells. . 

Experiment 3. The experimental design was identical to 
that of Experiment 2, except that MCA-10 cells were incu- 
bated with VCN and AVCN for 15 minutes. 


Results 


For experiment 1, Fig. 1 shows the results of tumor 
challenge. Tumor incidence for mice inoculated with un- 
treated sarcoma cells (10/10) and cells incubated with either 
SOUAVCN (14/15) or 1OOUAVCN (14/14) was virtually 
100%. However, mice receiving injections of MCA-10cells 
treated with VCN showed significantly lower tumor 
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_ Fic. 3. Experiment 2. Lymphocytotoxicity of lymph node and splenic 


lymphocytes of mice from VCN-treated, AVCN-treated and untreated 
groups. 


growth. These same neuraminidase-treated tumor cells — 


were also capable of inducing tumor immunity in the host, 
as demonstrated by bothin vivo (rejection of tumor rechal- 
lenge) and in vitro methods (demonstration of significant 
lymphocytotoxicity against MCA-10 target cells). The ef- 
fects of neuraminidase were observed whether cells were 


incubated with 50U or 100U of VCN. 
Experiments 2 and 3 were designed to determine the 


mechanism by which neuraminidase-treated tumor cells 
are more readily rejected than untreated cells. In addition, 
an attempt was made to determine if decreasing the time of 
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Fic. 4. Experiment 3. Lymphocytotoxicity of lymph node and splenic 


lymphocytes of mice from VCN-treated, AVCN-treated and untreated 
groups. 


ANTITUMOR IMMUNE RESPONSE F — 


tumor cell incubation with VCN affected t tumor’ call in 
munogenicity. The results of both.experiments indicate.” 
that only lymphocytes from mice inoculated, with, VCN: 
treated tumor cells showed significant cytotoxicity ‘against .. 
MCA-10 target cells. Lymphocytes from .mice injected 
with untreated or AVCN-treated tumor cells were notsig- . 
nificantly cytotoxic. The duration of incubation did not . 


affect these results. The data suggest that neuraminidasé= i 


treated cancer cells are capable of evoking a greater im- 
mune response not only from the lymphocytes of the re- 
gional lymph nodes, but also they appear to be able-to 
induce greater systemic immunity. Therefore, 
neuraminidase-treated sarcoma cells appear to be able to 
stimulate the host’s immunity at a time when the number of 
tumor cells in the host is small. These are ideal cir- 
cumstances for tumor rejection. 

Other factors may be responsible for the low tumor inci- 
dence following injection of neuraminidase- treated tumor 
cells into the host. It has been shown that fieuraminidase- 
treated normal’ and malignant" cells are more siisceptible. . 
to specific immune cytolysis by lymphocytes: and. sera, than“ 
are untreated cells. Thus, not only are neuramiriddse-:; 
treated malignant cells capable of immunizing the host. (as: 
suggested by the present experiments),.but. also: they: BDH: 


pear to be more susceptible to immune. cytolysis, * che = 


Other mechanisms may be responsible for —— of 


neuraminidase-treated tumor cells in vivo. Rayæt al. $ haye? 5 | 


demonstrated that the terminal components-of. ‘aotivated £3 * 


complement (C3-C9) are capable of lysing. VCN- treated’: fe: 

rabbit lymphocytes in the absence of cytotoxic antibody, RS 7 
Untreated lymphocytes did not demonstrate. this: Stiscéptie*: sy —* * ve 
bility. It is not unreasonable to assume that yaNtreateg a 


tumor cells might similarly show this susceptibility to! actiz’: 
vated complement. Removal of sialic acid from: cell sure 


faces following neuraminidase treatment may incréasé.in’ 7 q 
vivo cytolysis as a result ofincreased phagocytosis Of these**? eS 


cells ,/> or facilitation of the physical target cell- lymphocytes.” 


interaction.? — 


Nevertheless, it appears that stimulation of tumor. im“ 
munity by VCN-treated malignant cells is the most impọr: - 


tant effect of neuraminidase in the destruction of ttimor =: ~ * 


cells in vivo. The detailed studies of Simmons et al.®222°.5°". 3 


have clearly shown that, in mice, neuraminidase-induéed. oe 
tumor regression is the result of stimulation of the host's 
immunity to tumor specific antigens. The present experi: F — 


ments support the above findings by indicating that: mice- 
injected with neuraminidase-treated sarcoma cells dem- .. ; 


* > 


At 


onstrate a more potent local and systemic lyme: £ es 


phocytotoxicity response to that sarcoma. i ae “ys 





From these experiments it can be concluded that rejec” $x: eae $ 


tion of neuraminidase-treated sarcoma cells by mice which 


had not previously been exposed to the tumor is primarily... o 


the result of magnification of the antitumor immune re- 


sponse. Of lesser importance, may be increased suscepti- — 


bility of neuraminidase-treated cells to cytolysis. 
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Suppression of Leukocyte Chemotaxis in vitro, 
by Chemotherapeutic Agents Used in the 


Management of Thermal Injuries 


GLENN D. WARDEN M.D., MAJOR, MC, ARTHUR D. MASON, JR., M.D., 


Polymorphonuclear leukocytes from burned patients exhibit sup- 
pressed chemotaxis possibly related to the susceptibility of such 
patients to opportunistic infection. This study assesses the effect 
of normal serum upon burn-suppressed leukocytes and the effects 
of three commonly used topical chemotherapeutic agents upon the 
chemotaxis exhibited by granulocytes from normal controls. In 
vitro incubation with normal serum restored chemotaxis to 
normal in the suppressed granulocytes from burned patients. The 
serum factor responsible for this restoration was heat labile. 
Serum albumin alone did not exhibit this effect. Both mafenide 
and silver sulfadiazine suppressed the chemotactic function of 
granulocytes obtained from normal controls, while silver nitrate 
exhibited no such activity. Studies of the chemotactic function of 
control granulocytes after incubation with sera from burned 
patients yielded similar results; only the sera from patients 
treated with silver nitrate failed to suppress normal leukotaxis. 
The chemotactic impairment found in leukocytes from burned 
“ patients, however, while related to burn size and predictive of 
prognosis, did not vary with the agent used for the topical 
therapy. These data suggest the presence of a reversible intrinsic 
defect in leukotaxis consequent to burn injury, related to some 
factor deficient in burn serum. In addition, extrinsic impairment 
of normal granulocyte leukotaxis by two commonly used 
chemotherapeutic agents is demonstrated. 


f es USE of topical chemotherapeutic agents to control 
bacterial invasion in extensive burn wounds has 
become an accepted method of treatment. Mafenide 
acetate (Sulfamylon®), silver nitrate and silver sul- 
fadiazine (Silvadene®) are widely used agents for such 
topical treatment. The advantages and disadvantages of 
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each agent have been described and their effectiveness’ in. 
decreasing the incidence of pseudomonas Vuri. wend: 
sepsis is well established. Despite this decreased: Ani 
dence of pseudomonas burn wound sepsis, the niortality 
from extensive thermal injury remains high; The. sé: “Of. 


topical chemotherapy has been associated with increased 


frequency of infection by other opportunistic: organisms. ‘i 


Infection remains the most frequent cause of death. sin. 5 


patients who have sustained large burns. — 

The susceptibility of burn patients to opportunistie! 
infection is not understood. Several defense mechanisins..- 
are known to be impaired, including the epithelial: barrier; 


we 


Ps 


immune mechanisms and leukocyte function: We’ havet. — 


introduced an assay of leukocyte chemotaxis to: assess’: 8 


one aspect of polymorphonuclear leukocyte: function i in“ 
inverse correlation between leukocyte chemotaxis and’ 
burn size. In addition, suppression of leukocyte. 
chemotaxis has been predictive of mortality: in: “burn = 
patients. This study of the mechanism of chemotactic: ` 
suppression following burn injury assesses the effects of 


normal serum and of topical chemotherapeutic agents’. 


upon granulocyte chemotaxis. 


Materials and Methods 


Preparation of Leukocytes 


On the day of testing 10 cc of heparinized lcd. (200 
units heparin per 10 cc blood) was collected in a glass 


syringe. The aliquant was placed in an equal volume of: 


clinical dextran (6%) in physiologic saline solution, con- 


taining glucose (400 mg/500 mi) and heparin (20 mg/100 
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eat niuciepore filter 


_, Silastic gasket 
Fic. 1. Chemotactic chamber. 


Base-upper chamber 


| Lower chamber 





al). Erythrocyte- mononuclear sedimentation was ac- 
complished in a 50 ml conical tube at 37 C for 45 ninutes. 
-The leukocyte rich supernatant was removed with a 
Pasteur pipette and used within one hour of preraration. 
| Average. yields of 10° cells were obtained from O ml of 


| : sblood: Ninety-nine per cent viability was confirmed by 
the. trypan blue exclusion method after sedimeatation. 


Chemotactic Agent 
"Previous studies by Baum and Mouat*® have dem- 


“et onua a mixture containing two parts of casein 
te solution: and one part of human serum to furnish reliable 


4 r’ e 


+» 
% 


o. this mixture, containing approximately 4 x 10 cells, 


. 
i 
H uN 


it 


* 


chemoiactic attraction. Casein was prepared im a con- 
‘centration’ of 5 mg/ml i in Hank’s solution, Humar serum, 
< type AB; from healthy donors was used througkout the 
study. The serum was obtained in the following manner: 
BADE, 500:'ml. ‘of peripheral blood was removed -ia the 
*Santecubital vein and placed in 50 ml conical tubes and 
allowed. to clot at room temperature; 2) After clot retrac- 
~: tion, the sample was centrifuged at 2000 g and the serum 
removed; 3) The serum was stored at —73 C m 3 ml 
“aliquots, 


“Evaluation of Leukocyte Chemotaxis 

* Perspex chambers similar to Boyden’s design were 
Fcon iela (Fig. 1). Two ml of leukocyte-rich seperna- 
` tant Were diluted with 8 ml of Hank’s solution and2 ml of 


were placed in the upper chamber and 1.5 ml of 
’“chemotactic agent (casein-serum mixture} were placed 
-in the lower chamber. A nuclepore* filter, 0.5 u pore 
size, 25 mm diameter was interposed between the upper 
and lower chambers. The chamber was incubated at 37 C 
_for 120 minutes. The nuclepore filter was removed, 


` *Nuclepore Corporation, 7035 Commerce Circle, Plezsanton, 
California 94566. 
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stained with Wright-Giemsa stain for 4 minutes, Wright’s 
buffer for 4 minutes, cleared with xylene and mounted 
with xylene-permount (3:1) ratio on a glass slide. The 


nuclepore filter was examined microscopically under’ 


high power and the cells migrating through the nuclepore 
filter (bottom side) were counted as were the cells 
remaining on the starting side (top side) in each micro- 
scopic field. A total of 400 cells was counted. Chemotaxis 
was evaluated in the following manner, negating the 
necessity to count the cells before placement in the upper 
chamber. 
Chemotactic index 
Number cells (attracting side) x 1000 


— 


number cells (starting side) 

Leukocytes from thermally injured patients were com- 

pared with cells from normal healthy volunteers and the 

functional chemotactic index expressed as the per cent of 

the chemotactic index of the control leukocytes: 
Functional chemotactic index = 

chemotactic index burn patient 
chemotactic index normal volunteer 


Duplicate chambers were used for each patient sample 
and simultaneous control samples were also performed in 
duplicate. 


Preparation of Patient Serum 

On the morning of each test, 10 cc of peripheral blood 
was obtained and allowed to clot. After clot retraction 
the sample was centrifuged at 2000 g and the serum 
removed. The serum was stored at —73 C or used within 
one hour of preparation. 


Experimental Group 


Studies were performed on 46 thermally injured pa- 
tients with a mean burn size of 50.9% of total body 
surface (Lange 14.5~92.0%). The overall mortality among 
these patients was 65.2%. The mean burn size in those 
patients who expired was 59.0% (range 31.5~92.0%) 
while the surviving patients had an average burn size of 
35.9% (range 14.5-70.5%). Autopsy examination was 
performed on 25 of the 30 nonsurviving patients. The 
mean day of death was 14.9 days (range 3-38 days). 
Among the autopsied cases, infection as the major cause 
of death occurred in 23 of the 25 cases (92.0%). Septic 
complications included pneumonia, burn wound sepsis, 
and septicemica. The mean day of clinical diagnosis of 
the septic complications was 9.8 days (range 3 to 19 
days). None of the 16 surviving patients had systemic 
sepsis. 

The patients’ cells were tested at admission and then 
weekly until discharge or expiration. The patients were 
treated with topical mafenide acetate 10% ointment (Sul- 
famylon®), silver nitrate 5% solution in dressings, or 
silver sulfadiazine 1% cream (Silvadene®) using standard 
procedures of the Institute of Surgical Research. 
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Evaluation of Effect of Burn Serum on Leukocyte 
Chemotaxis 


The leukocyte rich supernatant obtained from normal 
volunteers was incubated in 1:1 ratio for 20 minutes at 37 
C with serum obtained from thermally injured patients, 
‘normal serum obtained from healthy type AB donors or 
Hank’s solution. This suspension was then diluted with 
Hank’s solution and 2 mi of this mixture, containing 
approximately 4 x 10° cells were placed in the upper 
compartment of the chamber for evaluation of leukocyte 
chemotaxis. 


Evaluation of Effect of Topical Chemotherapeutic 
Agents on Leukocyte Chemotaxis 

The topical agents were dissolved in Hank’s solution 
and incubated with 2 ml of leukocyte rich supernatant 
obtained from normal volunteers with final concentra- 
tions of: mafenide acetate 10 mg%, and 100 mg%, p 
carboxybenzenesulfonamide 10 mg%, sulfadiazine 5 
‘mg%, sodium sulfadiazine 5 mg%. In addition 
acetazolamide (Diamox®), 50 ug/ml and 100 ug/mi and 
gentamycin (Garamycin®) 4 ug/ml were also included in 
duplicate chemotactic chambers. Hank’s solution with- 
out added drug was used in the same manner for control 
studies, which were performed in duplicate. 
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Evaluation of Effect of Dialyzed Burn Serum on 
Leukocyte Chemotaxis 


Serum from thermally injured patients was dialyzed i in 5 
cellulose casing (Visking, medical grade 23/32}%- “with. - 


diphosphate buffer 0.15 M, ph 7.4 for 48 hours at’4 C, The 


dialyzed serum was then added to 2 ml of the Jeukécyte 
rich supernatant from normal volunteers in t: 4 ratio and 
the mixture incubated at 37 C for 20- minutes. ‘After 
dilution with Hank’s solution,-2 ml of the miixture, 


containing 4 x 10° cells, was placed in the upper: come! 


me 
* 


can 


partment of the chemotactic chamber ‘for evahiation of 


leukocyte chemotaxis. Normal AB serum was main- 
tained at 4 C for 48 hours and then incubated in the same 
manner as a simultaneous control. 


Evaluation of Effect of Normal Serum on Chemotaxis 


Serum from normal AB donors was used to assess the 
effect of normal serum upon leukocytes from burned 
patients. AB serum was added to 2 ml of the leukocyte 


rich supernatant in 1:1 ratio and the mixture incubated at — 


37 C for 20 minutes. After dilution with Hank’s. solution, 


2 ml of the mixture, containing approximately 4 x 108 l 


cells, 


was placed in the uppėr compartment - of the NE 


chemotactic chamber for evaluation of leukocyte’ 


*Visking Ca Chicago, Illinois. 
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TABLE 1. Functional Chemotactic Index after 72 hears 
sete - — es Survivors Non-Survivors 
«Patients: Kes 12 B 
Determinations E 36 * 
Functional Cher motactic 
* Index... ore 97.7% 39.3% 
Signifiéance. — P= <0.01 
Range : = — — — 61.2-130 14.675 
Burn'Size: Mea 44.6% 57. 
Range’. sy et vee 25.5-70.5 31.292 
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chemotaxis: Simultaneous controls were run using 


Hank’s solution instead of serum. 
Evaluation of Effect of Heated Normal Serum or Leuko- 
cyte Chemotaxis 

Serum from normal AB donors was heated at 26 Cina 
water bath for 20 minutes. The leukocyte rich superna- 
tant from thermally injured patients was incubaced with 


f the. heated AB serum at 37 C for 20 minutes. This 


CERE 


- this*inixture containing approximately 4 x 10° cals were 
„Paged: ‘in: thé upper compartment of the chemotactic 
“chamiber for evaluation of leukocyte chemotaxis. As 
=contrils “Hank’s solution and normal serum type AB 
“WETE; incubated in duplicate. 


“Balision of the Effect of Albumin on Leckocyte 
. Chemotaxis. Of T. hermally Injured Patients 


— Two ml: ‘of thé leukocyte rich suspension obtaired from 
thermally injured patients was incubated at 1:1 racio with 
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TABLE 2. Effect of Burn Serum on Normal Leukocyte Chemotaxis 








Sulfamylon Silver Silver 
Nitrate Sulfadiazine 
Number 27 3 14 
Mean Functional 

Chemotactic Index 54.0%* 111.8% 42.4%* 
Standard Error +3.8 +5.8 £2.35 
Burn Size Mean 46.3% 40.8% 65.0% 
Range 18-70.5 35.5-48 30.5-96 


*Significantly different from control, P < 0.01. 


salt poor, human albumin* (25 g/100 cc) for 20 minutes. 
The suspension was diluted with 5 mi Hank’s solution 
and 2 mi of this mixture (approximately 4 x 10° cells) was 
placed in the upper chamber of the chemotactic chamber 
for evaluation of leukocyte chemotaxis. As controls, 
incubation with Hank’s solution and normal serum type 
AB was performed in duplicate. 


Results -` 
Chemotaxis in Thermally Injured Patients 


As simultaneous daily control values, the chemotactic 
index was measured in a total of 44 normal healthy 
volunteers (ages 23-54 years). A mean value of 764.4 
with 95% confidence limits of 750-780 was observed. 

During the first 72 hours following injury, 24 patients 
were studied. Burn size and functional chemotactic index 
were inversely related, with a regression of y = 85.3 — 


*Cutter Laboratories, Berkeley, California. 





Fic. 3. Functional chemo- 
tactic index versus day 
postburn after 72 hours 
postburn. 
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TABLE 3. Effect of Chemotherapeutic Agents in vitro on Normal 
Leukocyte Chemotaxis 


Mean Functional 
Chemotactic Index 


Chemotherapeutic Agent Concentration No. 


Mefenide Acetate 10 mg% 6 68.5% + 1.9 
Mefenide Acetate 100 mg% 6 54.7% +2.7 
P-Carboxybenzene- 

sulfonamide 10 mg% 6 58.1% + 2.0 
Sodium Sulfadiazine 5 mg% 4 36.7% + 2.0 
Sulfadiazine 5 mg% 4 24.6% + 3.6 
Gentamycin 4 pg/ml 4 97.8% + 7.4 


0.59 x (y= functional chemotactic index, x = burn size), 
and r? = 0.34 (Fig. 2). 

After 72 hours, the patients separated into two groups, 
survivors and nonsurvivors, with surviving patients dem- 
onstrating improvement in leukocyte chemotactic func- 
tion during their hospital courses (Fig. 3). The nonsurviv- 
ing patients demonstrated neither significant increase or 
decrease in leukocyte chemotaxis from admission until 
death. The average functional chemotactic index in the 
surviving groups was 97.7, SE + 2.3; whereas the 
average in the nonsurviving was 39.9, SE + 2.3 (Table 1). 
No patient with a functional chemotactic index below 60 
beyond 72 hours after injury survived; only one patient 
with an index greater than 60 expired. Statistical com- 
parison revealed a significant difference between the 
mean indices of these groups (P<<0.01). 

Diminished chemotactic function was observed prior 
to clinical infection in all patients who ultimately suc- 
cumbed to infection. The onset of clinical infection was 
not associated’ with any change in the functional index. 
Functional chemotactic index did not vary with either the 
agent used for topical chemotherapy or with other identi- 
fiable differences in treatment. Age and sex were also 
without effect. 


Effect of Burn Serum on Normal Leukocyte Chemotaxis 


Serum obtained from 27 burn patients treated with 
mafenide acetate with a mean burn size of 46.3% total 
body surface (range 18.0-75%) produced significant sup- 
pression (P<<0.01) of chemotaxis of normal control leu- 
kocytes, decreasing the chemotactic index to 54.0% of 
control values (Table 2). The serum of 14 burn patients 
treated with silver sulfadiazine (mean total body surface 
burn 65.0%, range 30.5—96.0%) also suppressed normal 


TABLE 5. Effect of Normal Type AB Serum on Leukocyte Chemotaxis of 
Thermally Injured Patients 


Normal Serum 


Baseline Incubation 
Number 33 33 
Mean Functional 
Chemotactic Index 61.1% 107.7% 
Standard Error 5.7 +4.8 
Significance P = < 0.01 


Burn Size 46.8% (Range-—14.5-70.5) 


367. 
TABLE 4. Effect of Dialyzed Burn Serum on Normal AENEA 
Chemotaxis — 
Sulfamylon Silver Sulfadiazine E 
Dialyzed l _“Dialyzed 
Burn Burn bum: > Burn 
Serum Serum ` Serum,- * Serum ` 
Number 10 10 l — KECI 
Mean Functional — 
Chemotactic Index 43.7% 84.0% 42. 0% aS 82: 8% 
Significance P = < 0.001 P: eg: 0.01 
Burn Size Mean 50.2% . 69.7%: 
Range 18.0-70.5 - 30.5-96.0 


control leukocyte chemotaxis to 42.4% of control (P 
<<0.01). However, the silver nitrate treated patients’ 
serum produced no suppression of normal leukocyte 
chemotaxis although burn size was similar to the 
mafenide acetate treated group. Simultaneous control 
AB serum had no effect on normal leukocyte chemotaxis. ;. 
Effect of Topical Chemotherapeutic — on Noria i 
Leukocyte Chemotaxis — 

Mafenide acetate and its metabolite, pcaibixyber eñi 
zenesulfonamide at a physiologic concentration (10: img, %): 
usually obtained during treatment of major thermal’ ins. 
juries produced significant suppression (P - <E On: ‘of 
normal control leukocyte chemotaxis to 68:5% (SE! SRi 9)» 
and 58.1% (SE + 2.0) respectively, of baseliné Valués:: 
(Table 3). Increasing the concentration of mafénide’ ace: 
tate to 100 mg% resulted in a more pronouriced ` “depres: 
sion (54.7% SE + 2.7) of normal leukocyte chemotaxis P., 
<0.01). Sulfadiazine and sodium sulfadiazine at- concen 
ration of 5 mg % produced marked suppression of formal: 
leukocyte chemotaxis to 24.6% and 32.8% reşpėçtively 
Gentamycin at a concentration of 4 pg/ml produced: no | 
significant change of normal leukocyte chemotaxis. The 
suppressions exhibited by adding the topical ageijt ‘die. 
rectly to the cell suspension are similar to the suppress : 
sions obtained by incubating with burn: serum Foii 


thermally injured patients treated with these agents.” — 


Effect of Acetazolamide on Normal Leukocyte. 
Chemotaxis 


Since mafenide acetate (Sulfamylon®) inhibits carborje 


anhydrase, the effect of acetazolamide (Diamox®) ; on y 


normal leukocyte chemotaxis was also evaluated at. con-. 
centrations of 50 ug/ml and 100ug/ml. Animal carbonic -. 
anhydrase inhibition occurs at serum levels of 50 a 


TABLE 6. Effect of Heated AB Serum on Leukocyte Chemotaxis an — 


Normal Serum Heated Serum — 


Baseline Incubation Incubation 
Number 6 6 6 
Mean Functional 
Chemotactic Index 70.6% 102.6% 72.5% 
Standard Error +8.8 +3.3 + 10.7 
Significance* — P= < 0.05 N.S. 
Burn Size 50% (Range 32-63%) 


*Multiple comparisons with Baseline (Scheffe Test). 
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Fic. 4. Host defense mechanism against bacterial in-aston. 


Acetazolamide at 50ug/ml produced no suppression of 
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normal leukocyte chemotaxis; whereas at 100ugml there 
- Was. slight depression, to 85.2% of control (P <0 01). We 
“ene that. carbonic anhydrase inhibition by mafenide 
acetate: Was, not responsible for the depression Sen with 
burn. serum’ or, mafenide acetate. 


ei “Of: bialyzed Burn Serum on Normal Lzukocyte 
-- Chemotaxis : 


° Nonedialyzed: ‘burn serum obtained from 1!€ patients 
—— swith: mafenide acetate with a mean bum size of 
150.2%) total. Surface (range 18.0-70.5%) produced sup- 


“pression: cof. normal leukocyte chemotaxis to 33.9% of 
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control values. Dialyzing the burn serum for 48 hours 
with a phosphate buffer significantly reduced (p <0.01) 
the degree of suppression by burn serum to a mean value 
of 84.0% (Table 4). Dialyzed burn serum obtained from ~ 
nine patients treated with silver sulfadiazine (mean burn 
size 69.7%, range 30.5—96%) also produced signifi- 
cantly (P <0.01) less suppression than did the non- 
dialyzed burn serum with mean values increasing from 
42.0% to 82.8%. These studies suggest that dialysis 
removed a chemotaxis-suppressing substance or sub- 
stances, presumably the topical therapeutic agents 
mafenide acetate and silver sulfadiazine. 


Effect of Normal Serum on Burn Leukocyte Chemotaxis 


In 33 patients with a mean burn size of 46.8% total 
body surface area (range 14.5-70.5%) and having a mean 
baseline chemotactic index of 61.1% (SE + 5.7) there was 
a marked increase of leukocyte chemotaxis after incuba- 
tion with normal AB serum (Table 5). Levels increased to 
107.7% (SE + 4.8) of simultaneous normal controls 
Normal AB serum incubated with normal cells had no 
effect on leukocyte chemotaxis. The improvement of 
chemotaxis by normal serum was not related to the agent 
being used for topical chemotherapy and was not a 
dilution effect, since similar dilution with Hank’s solution 
in the control runs had no effect. 


Effect of Heated AB Serum on Leukocyté Chemotaxis 


Six patients with a mean burn size of 50.0% total body 
surface burn (range 32-63%) and a mean functional 
chemotactic index of 70.6% (range 35.6-119%) dem- 
onstrated a significant (P<0.05) increase of functional 


34 Y.D. MALE, 35.5% TBS BURN 


Fic. 5. Functional chemo- 
tactic index versus day 
postburn demonstrating 
suppression of normal 
leukocyte chemotaxis by 
burn serum after beginning 
mafenide acetate topical 
therapy. 
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chemotactic index (mean 102.6%; SE + 3.25; range 
93-115%) when their leukocyte rich suspension was incu- 
bated with normal type AB serum. However, when the 
normal type AB serum was heated for 20 minutes at 56 C, 
cooled at 37 C and then incubated with leukocyte rich 
suspension, there was no increase or decrease in the 
functional chemotactic index (mean 72.5%; range 41.3— 
106.7%) (Table 6). This experiment suggests that the 
factors in normal serum responsible for improv- 
ing the chemotaxis of leukocytes from thermally injured 
patients are heat labile. 


Effect of Albumin on Leukocyte Chemotaxis 


Four patients with a mean burn size of 26.5% total 
body surface (range 20-—30%) and a mean functional 
chemotactic index of 86.4% (range 44.9-119.4%) dem- 
onstrated no significant increase in leukocyte 
chemotaxis when their leukocytes were incubated with 
salt poor human albumin. The mean functional 
chemotactic index after incubation with salt poor albu- 
min was 74.8% (range 35.3—111.2%). Although the albu- 
min used was commercial salt poor albumin, this experi- 
ment suggests that the albumin fraction is not the active 
factor in normal serum responsible for increasing 
chemotaxis of leukocytes from thermally injured pa- 
tients. 

Discussion 

Chemotaxis is an important biologic phenomenon de- 
termining the direction of motion of bacteria, plant and 
animal cells in reproduction, nutrition, cellular organiza- 
tion and inflammation. Various methods have been used 
to study chemotaxis but the method devised by Boyden 
in 1962* based on the ability of leukocytes to migrate 
through a filter toward a chemotactic agent, has been the 
most useful because of its simplicity and reproducibility. 
A number of modifications of this technic have been 
devised.*’* The importance of chemotaxis in the func- 
tion of polymorphonucleocytes is demonstrated in Fig. 4 
since even leukocytes fully capable of ingesting and 
killing microorganism are incapacitated if unable to sense 
and be directed towards the invading pathogen. 

This study demonstrates 1) an intrinsic defect in the 
chemotaxis of leukocytes from burned patients and 2) 
suppression of the chemotaxis of normal leukocytes by 
serum from burned patients treated with either mafenide 
acetate or silver sulfadiazine. 

Chemotaxis is suppressed soon after burn injury and 
this suppression is proportional to the extent of injury. 
That this suppression is not a drug effect is indicated: 1) 
by its occurrence in patients treated with silver nitrate; 2) 
by its reversal upon incubation with normal serum, an 
effect removed by heating the serum; and 3) by the failure 
of dilution alone to duplicate the effect of normal serum. 
In addition, the serum from one patient did not suppress 


SUPPRESSION OF LEUKOCYTE CHEMOTAXIS 


the chemotaxis of normal cells during treatment with 
silver nitrate but inhibited such chemotaxis during treat- 
ment with sulfamylon soaks (Fig. 5). The chemotaxis. ‘of 
the patients’ own cells was suppressed during both forms 
of treatment and subsequently returned to normal... 
The effects of mafenide acetate and silver. ——— 


upon normal leukocyte chemotaxis are: -readily demon: l 


strated at concentrations which occur in serim: ‘during: 
treatment. Silver nitrate does not exhibit. such. att: effect . 


in vitro. 
Susceptibility to opportunistic freedom js a Jallmaik of 


burn injury. The etiology of this susceptibility is not 
understood, but one proposed explanation is failure of 
granulocyte defense. Others have demonstrated func- 
tional impairment of granulocytes from burned pa- 
tients?" and this study suggests that delivery of these 
impaired granulocytes may also be faulty. The study 
further suggests a dilemma: the use of either mafenide or 
silver sulfadiazine to protect the burn wound from infec- 
tion may cause further suppression of the delivery of | 
granulocytes and thereby enhance the susceptibility of . 
the patient to infection by other routes. Such a hazard: of 
therapy has not been examined previously anid, its, JHIRD OR: 
tance is not defined at this time. 


tion to the granulocytes obtained from burried’ ‘patients .- 
This restoration of function appears due.to.a- heat; fabile 


component of normal serum. If similar: restoration of. i 


function can be achieved in vivo, this: Observation’ may. 
have clinical importance, since such. restoration:, would 
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Incubation in normal serum restores chainotagiie func: 


permit a direct test of the relationship betwéén chemotac:. J 


tic suppression and susceptibility to opportupisti¢. infec? oe 
tion in burned patients. Hagen ak ae 
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Acute Renal Insufficiency Complicating 


Major Cardiovascular Surgery 


R. CASALI, M.D., R. L. SIMMONS, M.D., J. S. NALARIAN; M.D., 
B. von HARITIZSCH, M.D., T. J. BUSELMEIER, MD., C. M. KJELLSTRAND, M.D. 


Thirty-oné. patients underwent hemodialysis for renal failure asa 
complication ‘of major cardiovascular surgery at the University of 


F Minnesota (1968-1973). Only eight patients (26%) survived. A re- 
17 :veWw of the'literature shows that since the beginning of hemodialysis 
e my: the niortality of those patients has not improved. Infection was the 


- overwhelining cause of death. The infections were difficalt to diag- 
nosis because’ they were. frequently associated with abdominal 
abscesses that. were almost uniformly overlooked. Several possible 


— ways of improving these patients survival are: 1) the tse of early 


Operative interventions of second look type; 2) improved hygenic 


' ~: measures in the care of these patients; 3) more selectiv: antibiotic 
et treatnient based on frequent reculturing; and 4) daily stort dialysis 


nes 2 
t: ae oo” 


‘in association with hyperalimentation. 


Ka — 


POSTOPERATIVE acute renal insufficiency (AR) is a dis- 
couraging complication associated with ahigt-mortality 


Oe ‘rie. Since the mid 1940s when clinical dialysis was intro- 


duced, there has been no appreciable change in tae mortal- 
ity-in. spite of improved techniques of dialys and the 
dévelopment of better understanding of pos-operative 
management.(hyperalimentation, patient monitoring, and 
the use of more effective antibiotics).23!1!17 The reason 
for this high mortality is not entirely understood, >ut under- 
- lying disease, gastrointestinal bleeding, and infections 
` have all been evoked as explanations.?*-1-11-17 

Over the last six years, 1968-1973, 31 of our 358 dialysis 
patients were treated for acute renal failure follo-ving major 


} — cardiovascular surgery. This paper reports ouz efforts to 


elucidate pathogenetic factors in the continued h gh mortal- 
itý c of these patients in spite of intense hemodialysis. 


Patient Material 


Thirty-one patients (4women, 27 men) dialyzed for acute 
renal failure following major cardiovascular surgery 
F 1968-1 973 were included. The mean age was 60¥ ears witha 
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range of 25-72 years. Eight patients (26%) survived. Five 
patients were operated elsewhere and referred here be- 
cause of acute renal failure. 


Methods 


“a 


Analysis of Data 

The clinical records of these patients were reviewed, the 
primary purpose being to tabulate factors that could con- 
ceivably have influenced the death rate: 

1).Common demographic factors: Age, sex, pre- 
existing disease. 

2) Intraoperative factors: Type of operation, duration of 
operation, technical complications, and later reoperation. 

3) Durational factors: Number of days from the opera- 
tion until the onset of acute renal failure (immediate or 
delayed), the recovery of renal function or death. 

4) Dialysis protocol: The frequency of dialysis, the 
mean degree of uremia before the first dialysis for sub- 
sequent dialysis. 

5) Bacterial andfungal —— Urine, sputum, wound, 
and blood culture. 

6) Failure of various other organ systems: Failure of the 
respiratory system was defined as a need for arespirator, a 
bilirubin over 5 mg% appearing later than the third day after 
operation was regarded as a symptom of liver failure; fail- 
ure of the CNS was characterized by stupor and coma. 
Furthermore, myocardial infarction, with or without ar- 
rhythmias and cardiogenic shock were tabulated as signs of 
failure of the cardiovascular system. The occurrence of 
gastrointestinal hemorrhage and bowel perforations were 
also noted. 

Due to the complicated courses manifested by these 
patients, a single cause of death could not always be deter- 
mined for specific patients. 
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TABLE l]. Pre-existing Risk Factors Other Than Leading to Operation TABLE2. Operation : 
Died Survivors Total ° Survivors. | 
ARACA De A Abdominal Aortic Aneurysm Emergency 8 1 3 
Heart Disease § (21) 1 (12.5) Abdominal Aortic Aneurysm Elective „6+. : L. 
Lung Disease 3 (13) 1 (12.5) Thoracic Aortic Aneurysm Lan —— 
Hypertension 1 (4) 2 (25) Coronary Artery By Pass a — 
Kidney Disease 1 (4) Valve Operation 7 2s 
Diabetes 2 (9) Coronary Artery By Pass & Valve l ae 
Peptic Ulcer 1 (4) Cardiotomy 1 sas 
CVA 1 (4) Porta-Cava Anastamosis l - 
None 9 (39) 4 (50) Aorta-Femoral Grafts 4 
Total 23 8 
non-survivors was 60 years. Pre-existing disease other than 
Treatment that leading to the orignial operation could not be used as a 


A uniform approach to therapy has been in force during 
the six year study. Most of the patients received broad 


‘spectrum parenteral antiobiotics prophylactically after 


surgery, usually 4-12 gm Cefalotin, daily. Cardiac 
monitors, central venous pressure and intra-arterial 
catheters were frequently employed. Foley catheters were 
usually kept in the bladder throughout the course. When 
oliguria supervened, all patients received ethacrynic acid 
or high doses of furosemide and mannitol both as IV pulse 
doses and as continuous intravenous infusions. The latter, 
however, was discontinued after a few hours unless 
polyuria supervened. When respirators were required, the 
patients were intubated for one to five days after which 
tracheostomy was performed. Only volume cycled res- 
pirators were used. 

Hemodialysis was instituted early and used daily or 
every other day. The patients were treated six hours with 
relatively high efficiency dialyzers. All dialyses were done 
with regional heparinization according to a method previ- 
ously described. Usually the patient’s clotting time was 
maintained below 20 minutes. All patients received 
aluminum-hydroxide to prevent phosphate absorption and 
as prophylactic therapy against gastroduodenal ulceration. 
Anabolic steroids and multivitamins were also employed. 
Intravenous and oral hyper-alimentation were used as 
needed during the last 12 months of the study. 


Results: Factors Influencing Survival 
Demographic Factors: Eight Patients Survived and 23 
Died 

One fourth of the men and one fourth of the women 
survived. The mean age of both the survivors and of the 


TABLE 3. Complicating Intraoperative Factors — 





Dead Survived 
(23) (8) 
Duration Operation Hours 5.9 (3-10.5) .7 (3.5-12.0) 
Transfusion ist Operation Liters 4.7 (0-13.0) 5 (1.3-10.0) 
Technical Complications During 
Operation 4/23 (17%) 2/8 (25%) 
Reoperations* 11/23 (48%) 3/8 (38%) 


*Excludes shunt operation and tracheostomies. 


prognostic guide. Approximately 50% of both those who 
eventually died and those who lived, stated that they had 
been in good health until their initial operation. The other 
50% showed a scattering of previous diseases, but no dis- 
tinct pattern could be discerned (Table 1).. ee 
demographic factors had no influence, o on: survival... 
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Influence of Operations on Survival 


The smali number of patients in each sub's group: ägeord y — 


ing to type of cardiovascular surgery, makes it: difficult to. 
discern any difference in survival (Table 2 Of the ` 
aneurysm group three of 15 patients survived versus ‘three . 
of 11 with cardiac operations and two of four’ ‘with aor. 
tofemoral bypass grafts. The one patients who received 4 - 
porta-caval shunt died. Duration of operation, transfa- 
sions, and technical complications did not, differ. between: 


the survivors and the patients who died (Table 3). igr. 


y; 


Reoperations — 
The three surviving patients who hàd à second operation 
received it before the onset of renal failure. The reasonfor - 
reoperation was hemorrhage. Eleven of the 23 patients who 
ultimately died underwent reoperations before dialysis'for 
clotted grafts (5), hemorrhage (2), colectomies (necrosis 
of colon) (2), embolectomy of the carotid artery (1), and.a 
foreign body (1). All of these operations except one were 
performed within one or two days after the primary oper- 
ation. The single exception was a patient who had colec- 
tomy six days after placement of a synthetic abdominal 
aortic graft. | 
Renal Failure 


Renal failure occurred immediately after operationin all — 


eight survivors and in 17 of the 23 patients who med Six of 


TABLE 4. Degree of Uremia Before Dialysis 


Dead Survivors 

mg/100 ml mg/100 ml;- 

BUN ist Dialysis 140 (40-234) 133 (104-180) 

Creatinine 1st Dialysis 8.1 (4.2-16) 11.3 (7.5-17) ~ 
BUN Subsequent Dialyses 100 (40-150) 98 (75-120) 
Creatinine Subsequent Dialyses 6.5 (3.0-11.0) 7.9 (6-10) 


Figures are mean + ranges. 


~ 
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ns — “3 Ol TABLES. System Failure TABLE 6. Cause of Death 
e x me — Dead* Survivors Postmortem Exam No Postmortem 

Heart’ 7/20 Te performed (17 pat.) Exam Performed Total 
Ee 12/20 37 (6 pat.) 
- Liver 8/20 o/s 
“CHS... 14/20 25 Infection: 
Upper ae: = 2/20 on Source unknown 2 3 5 

_, Bowel Perforation 2/20 0/3 Retroperit. Absc. 6 l 7 

a Pyo-pericardium Z - 2 

*Excludes. three. — surviving less than a week. 
All Infections: 10 4 14 

the’ patients who ultimately died had a delayed typeof renal ans * l ; 2 
failure. Consequently, the mean time from the ope-ation to SE ER ; i 
the first dialysis is shorter in the survivors (six dajs, range Heart Failure 1 i 
3-10 days) than in the patients who died (ten days, range pe ; 
2-31 days). There were obvious causes for renal failurein cenba S 

_ 50% of the patients who died; hypotension in four patients Hemorrhage I 1 

` and sepsis in nine. Hypotension caused the renal failurein Technical i I 2 
two of the eight surviving patients. 7 P 53 


We’ attempted to study the relationship of Cepaaloitin, 
gentamycin, and furosemide to the onset of rena_ failure, 
_ because’ these agents alone or in combination heve been 
. dinplicated: as a cause of ARI. The complicated ccurses of 
“our: ‘patients, ‘however, made such an assessment mpossi- 
ble “The patients who died had received a mear of four 
— Į- 18) dialyses versus eight (range 1-18) forthe sur- 
-Vivors. Eight ‘dead patients received only one dialvsis ver- 
2 $ug. two in the surviving group. The frequency ofdialysis 
: Was, one every 1.8 days in dying patients versus one every 
7 9 days in- Survivors. The patients who survived ~equired 
“dialysis for ¢ a.mean of 16 days (range 1-38). All sarviving 
"patients achiéved creatinine levels below 2 mg pez 100 ml. 
“after: ‘operation and the first dialysis was performed ten 


> J s. days: ‘after the operation; thus, the mean dialysis duration 
. st was: “eight days (range 1-34). The mean BUN and 


ere 


Creatinine before the first dialysis and the mean EUN and 


4 oF 5 “ ¢¥éatinine beforé subsequent dialyses are shown _n Table 


A. There is a tendency for the non-surviving patient to 
- have a higher BUN but a lower creatinine, bota before 
. the first and subsequent dialysis which in all prebability 
represents, higher catabolism and thus higher wea pro- 
duction. ‘Supporting this theory is the lower creacinine in 
this: group and the shorter period between dialySs in the 
, Patients who died. 

“The: ‘major difference suggests that the patient "vho ulti- 
imately survives is the one who has immediate simple post- 
“Operative: renal failure. If delayed renal failure occurs, 
“some complications of the operation that mitigates against 
* siirvival may be the precipitating factor. Furthermore, the 
“higher BUN suggests that the patients who died had a 
"complication i increasing catabolism such as tissue necrosis 


..- "and/or infection. 


ae 
_ The major difference between the patients whodied and 
= those who survived was the occurrence of septicemia. 


None of the eight patients who survived had positive blood 
cultures though candida was cultured from two CVP 
catheters. In contrast, ten of the 23 patients who died had 
positive blood cultures while alive and another four had 
positive blood cultures at postmortem examinations. The 
organisms were gram negative bacteriain 13 and coagulase 
positive staphylococcus aureus in one. Candida was cul- 
tured in conjunction with a gram negative bacteria in one 
patient. The mean survival time in the patients with positive 
blood cultures, 25 days, compared to 13 in those who 
died with negative blood cultures. The mean time of the 
first positive blood culture was 15 days after the primary 
operation. 

Once a positive blood culture was obtained it usually 
persisted. In all patients the positive blood cultures were 
obtained in spite of intense broad spectrum antibiotic cov- 
erage. Of the ten patients who had positive blood cultures 
during life an abdominal abscess was present in four. The 
other six had no obvious source for the septicemia except 
positive urine and sputum cultures; however, postmortem 
examination was not performed in two patients. 

In separately analyzing the non-surviving patients with 
abdominal aneurysms 10/12 had a postmortem examina- 
tion performed. Seven of these ten patients had ret- 
roperitoneal abscesses. Four of these seven patients had 
positive bloodcultures during life, another two had positive 
blood cultures at postmortem examination. The abscesses 
were diagnosed or suspected in only two before death. One 
patient had a laparotomy with drainage of an abscess (this 
patient died at surgery), the other patient died of dissemi- 
nated intravascular coagulation before laparotomy could 
be performed. 

Sputum and urine, cultures were of little value as a prog- 
nostic aid or in ascertaining the etiology of the septic state. 
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Early in the postoperative course, both surviving and pa- 
tients who later died had a conglomerate of gram negative 
rods. The urine cultures were less frequently positive than 
sputum in both groups. Once either sputum or urine be- 
came positive, they remained so. Candida albicans ap- 
peared in the sputum in one third of the surviving patients 
and in two thirds of the non-surviving patients. Candida 
was found in the urine of one-half of the surviving patients, 
and one third of the non-surviving patients. Hyperpyrexia 
(temperature over 102F) was also unreliable as an indicator 
of survival because it was absent in only two patients; one 
survived and the other patient, with a positive blood cul- 
ture, died. Sequential cultures were not always obtained 
in this retrospective study, and it is possible that a 
more systematic method of culturing may lead to 
different conclusions. 


Organ System Failure 


The clinical appearance of organ system failure is shown 
. in Table 5. The only clear difference between the patients 
who survived and those that died was that any who de- 
veloped liver failure eventually died. 


Causes of Death 


Sixty per cent (14/23) of the deaths were caused by infec- 
tions, even though sepsis was not suspected in the majority 
of these cases (Table 6). 


Discussion 


Itis sobering to compare the result of our series to those 
reported since the early 1950s.”1119 The mortality in post- 
surgical acute renal failure necessitating hemodialysis has 
remained almost unchanged, 60-70%, in spite of: 1) greatly 
improved techniques of hemodialysis; 2) small volume, 
high efficiency dialyzers; 3) ease of access to the blood 
stream through the use of shunts; 4) more intense dialysis; 
5) the development of more efficient antibiotics; and 6) the 
increased use of hyperalimentation. 

Both Stott!” and Alwall and Kjellstrand? have shown a 
direct relationship between age and mortality. Most series 
also have shown a direct relationship between mortality 
and the nature of the illness that leads to ARI. One finding 
that all the reports have in common is that when acute renal 
insufficiency is of obstetric or gynecological origin, the 
prognosis is usually good. However, when ARI has de- 
veloped following trauma or abdominal or cardiovascular 
surgery, the deaths have been uniformly high.*)3-1011.1719 

In spite of what seems to bea fatal combination of old age 
and major operations, this series suggests that we still have 
to make every effort to save lives. 

Only nine of our patients died of causes that we felt would 
have been difficult to influence once they were established. 
On the other hand, 14 of our patients died of infections. 
Alwall and Kjellstrand? made the same observations: 20% 
of their patients had peritonitis, 30% had septicemia, 56% 
had purulent bronchitis, and 79% showed bacteriuria. In- 
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fection was the leading cause of death in the: series reported 


by Balslov et al.* and Stott et al., and Kleinknecht and : : 


coworkers.?! eae 


Arecent paper reported different eiin ms of death ir in’ 
postoperative patients with ruptured abdominal | 
aneurysms complicated by acute renal failure that required 


hemodialysis. The overwhelming pattern of deathi im ‘their 


patients was sequential organ failure; pancreatitis. was, fol- pi 


lowed by failure of the lungs, liver, central nervous system, 


and of the gastrointestinal tract. Only one of their 18 Pa: 


tients survived. !? 

We could not, however, find a similar sequence gik events 
in our patients. If these findings were general, obviously 
death would be unavoidable and these patients should not 
be treated with dialysis. Although the organ system of 
several of our patients showed evidence of failure only one, 


liver failure, seemed to be uniformly fatal. The reason for ` 


the discrepancy between our findings is not readily appar- 
ent. The number of patients, their age, their r mo de of arrival 
at the hospital, the pre-existence of systemic disease, and 
the mode of treatment with dialysis is almost identical i inthe 
group of patients at the Peter Bent Brigham Hospital’? and: 


our patients. Other series?3-!°1117 likewise. did not: asss.. | 
sociate death with sequential organ failure in the mai iovity of — : 


the patients. 


There have been three suggested approaches toi improvi | 
ing the discouraging results of older patients with ARI that : 


have undergone prolonged traumatic e 


riS ma 


he 


hemodialysis. The earliest advocates of. this: i3, 16,38, Chow! se 


ever, reported the results of small, relatively. unconvincing. re 
presented .g00d: evis, 
dence that delayed initiation of dialysis, combined: swith: — 
infrequent dialysis resulted in a higher mortality: yates: — 
These observations, however, came atatime:when dramas 4 — r 
tic policy changes were being made. Instead of allowing the, = F i 
occurrence of severe uremia (BUN of 350), dialysis was = 


series. Balslov? and Kleinknecht!! 


instituted before the blood urea nitrogen had reached 100 
mg per 100 ml. Since our patients were already being 
dialyzed approximately every other day, the, only im- 
provement would be to institute daily dialysis. Short daily 
dialysis may be advantageous. It has been shown? -that 


cycling of body chemistries and water content by. intermit- on 


tent dialysis may be more detrimental than absolute. levels Ee 


of BUN, urea, and other uremic toxins. 


The second method that could possibly improve a mor- aa 


tality of these patients is Intravenous hyperalimentation:’ t 


However, intravenous hyperalimentation in these patients’ — 


frequently causes complicaticns namely, hyperglycemia E 
hyperosmolality, fluid overload, and is a potential source. . 
of sepsis and aggravating already present chemical abnor: a 
malities. Fluid overload and hyperglycemia have been ihe l 


most difficult to control. Nevertheless, we have insti- 
tuted a routine schedule of hyperalimentation because of 
the vicious cycle of starvation-infection as a cause of 
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death.in our patients. The results at presert are 
inconclusive. 

Early and aggressive operative intervention hes also 
been suggested as a means to lower the mortality oẽ these 
patients.!2 The old surgical axiom that devitalized, irfected 
, tissue. must be removed if the patient is to survive vas not 
“followed i ‘in, séveral. of our patients. Two problems were 
encountéréd i In. this réspect. One was the extreme difficulty 
in diagnosing. retroperitoneal abcesses. High fever was 
present in all our patients and clinical examination: of the 
abdomen were difficult to interpret. 

Diagnostic peritoneal lavage was infrequently used in 
this group of patients. As no patients developed a2 intra- 
abdominalabcess (the abscesses were retroperitoneal), the 
beneficial value of lavage may be limited. Echograms were 
not employed, although this relatively new tool ma~ prove 

helpful and should be used. In the past there has been a 
reluctance to reoperate on these desperately ill patients. 
However, since no patients with septicemia and intra- 
abdominal abcesses have survived it seems that aggressive 
‘} reperations are a must to reduce the mortality cf these 
— The delayed onset of renal failure always tokens a 


sart’ 


"Rist: ‘operation it is less lethal. Similarly, positive blood 
> clilture results suggests undrained septic focus, anc at least 
; daily ‘blood cultures should be done. 

Another. approach would be to prevent the formation of 
* Fetroperitoneal abscesses. All of the abscesses in our series 
. were located in the hematoma in the retroperitoneal space 
ak: Fre vently- incapsulated the synthetic grafts._A large 


ne retroperitoneal hematoma is always present in ruptured 


aortie aneurysms, and probably occurs to a lesser cegree in 
“+ elective: graft replacement of lower abdominal aota. The 
formation ‘óf abscesses and subsequent graft infections 


x “may: be: ‘prevented or decreased by removing as nuch as 


igs of the clot. 

“One potential source of the gramnegative bacteria that 
‘inféct:the hematoma, may be the intraoperative bowel 
trauma (manipulation and placing the intestine ir various 
bags to expose the aorta). Particularly during lorg proce- 
dures when the organisms could ‘‘leak’’ through tae bowel 
wall and contaminate the retroperitoneal area. Freopera- 
, tive reduction of the bowel colony count may influence this 


he Si 3 outcome. Experimental animals tolerate lethal “orms of 


y trauma’ -better when the bacterial counts of the zut have 
” been: reduced. 15 Oral, non-absorbable antibiotic . used to 
. reduce intestinal bacteria, in combination with a protected 


F ‚environment has also shown to decrease the mcrtality of 


infectious complications of leukemia chemotherapy.’ 
‘There was no correlation in our group of patients between 


reoperation and subsequent abscess formation. This does 


“not mean that reoperation carries no morbidity, but in 
trying to find the etiology ofabscess formation, resperation 
did not seem to increase the infectious problem. 

The final method that may improve mortality res in this 
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group of patients may be through intensified aseptic cathe- 
ter and nursing care, thereby creating better prophylaxis of 
infections. Postoperative patients with ARF may be im- 
munosuppressed as both major surgery and uremia are 
immunosuppressive,®!42° Barrier nursing has been 
suggested to improve mortality in patients undergoing 
cancer chemotherapy.*® We are impressed, however, that 
our patients uniformly died from infections that seemingly 
emanated from their own gastrointestinal flora. Strictisola- 
tion procedures on these patients who require intense nurs- 
ing and physician supervision would be virtually impossi- 
ble to accomplish. It has been suggested‘ that since the 
gram negative bacteria do appear in the sputum and urine, 
bactericidal soap and intense perineal care should be used 
to prevent their spread.* Similarly, the multiple catheters 

that are used in these patients may act as seeding sites for 

bacteria that will later lodge in hematomas and lead to 

abscess formation. Therefore, The Foley catheter should 

be removed when oliguric renal failure is established as it 
serves no useful purpose. Similarly, intra-arterial and 

intravenous catheters should be avoided. The Scribner 
Shunt serves as a convenient source of arterial blood and 

also can be used for long-term hyperalimentation. This 

shunt may, of course, also be a source of infection but 

with frequent dialysis it is unavoidable. Meticulous 

tracheostomy and catheter care with antibacterial oint- 

ments should be employed. Intensified culturing of 
sputum, wound, urine, and blood, followed by appro- 

priate antibiotic changes, should also be used. 

Stott and coworkers*’ have already pointed out that the 
patient with acute renal failure has had a tendency to bea 
“forgotten minority”, with most of the interest of present 
day hemodialysis focused on the care of the patient with 
chronic renal failure. Although the patient with acute renal 
failure requires an enormous investment of money and 
time, this is only fora short period of time; and ifthe patient 
survives, he is usually self-supporting from then on. This is 
in contrast to the patient with chronic renal failure who will 
require a great investment for years or until successfully 
transplanted. In essence, astrong suspicion of the presence 
of an abscess, an aggressive attitude towards a ‘‘second 
look’’ procedure, strict aseptic care of catheters, 
hyperalimentation, and frequent dialysis may all favorably 
influence the outcome of these acute renal failure patients. 
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Gastrocolic and Gastrojejunocolic Fistulae: 


Report of Twelve Cases and Review of the Literature 


JAMES H. CODY, M.D., FRANK C. DIVINCENTI, M.D 
DONALD R. COWICK, M.D., JAMES R. MAHANES, M.D. 


Seven" gastrocolic and five —— —— fistulae wre re- 
corded at Charity Hospital between 1940 and 1970. Such istulae 
oveurred: in males more often than females. In this series, as in 


a ates, the most.common cause was gastric surgery for peptic 


weer disease. Pain, diarrhea, and weight loss were -—linical 
` findings in half the patients; anemia, leukocytosis, ele trolyte 
disturBances -and hypoalbuminemia were common laboratory 
findings. ‘A fistula was demonstrated radiologically in nin- of the 
‘twelve patients. Management of these patients included nc opera- 
tion..(3); two-stage procedure (2); and one-stage procedtre (7); 


= "with a.recent trend toward the one-stage procedure. A case report 


ofa‘fistala resulting from postoperative complications of perfora- 
- tive: appendicitis in which a successful combinat.on of 
hyperalimentation and diverting colostomy was used s pre- 
ica 


sRioKtO the advent of gastric surgery, direct conzmuni- 
© edtion between the stomach and the colon was tsually 
od to cancer, syphilis, tuberculosis, or trauma. By 
31800, there was only 90 cases reported in the literatare. In 
“athe: fate 1800s; Wolfer and von Hacker devised tk= gas- 
froenteroſstomy as treatment for ulcer disease. As early as 
1903, Czerny defined a gastrojejunocolic fistula folbwing 
~-gastroentérostomy.” Since then, the entity has become a 
“well-defined clinical syndrome, and its etiology folbwing 
-gastroénterostomy recognized. With the advent cf vag- 
% - otomy. and drainage, and higher gastrectomy, the inci- 
dence of marginal ulceration has been reduced considera- 
‘bly from the previous estimate of 15%. 1° The incidence of 
Pe wach and gastrojejunocolic fistulae also should have 
“declined, leaving the causes of fistulization to the spon- 
-taneous varieties seen early in this century. 
. This report details the experience of the Louisiane State 
- University Department of Surgery in the care of 2 pa- 
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tients with gastrocolic and gastrojejunocolic fistulae at 
Charity Hospital in New Orleans as well as a review of the 
experience of others. 


Results 


The records of 12 patients treated for gastrocolic and 
gastrojejunocolic fistulae from 1940 through 1973 were 
reviewed. The clinical course, laboratory data, and man- 
agement of these patients were evaluated. 

The ages ranged from seven to 84 years, with a median 
of 52 years. There were eight males and four females. 
Seven patients had a gastrocolic fistula, and five had a 
gastrojejunocolic fistula. 

The types and causes of gastrocolic and gas- 
trojejunocolic fistulae are shown in Table 1. The etiolpgies 
of these fistulae were varied, the most common cause 
being gastric surgery for peptic ulcer disease. 

Pain, diarrhea, and weight loss were the most common 
clinical findings in the 12 patients studied (Table 2). Mal- 
nutrition was the most common presenting sign. Only one 
patient presented with fecal vomiting, which usually is 
considered a classic symptom of this disease. Steatorrhea, 
postprandial pain, and heartburn were not present in any 
of these patients. 

Laboratory findings included anemia, leukocytosis, 
electrolyte disturbances, and hypoalbuminemia in all. In 
this series, the hematocrit was less than 35% in half the 
patients, with a median of 35.7%. 

Radiologic diagnosis of the fistula was made in nine of 
the 12 patients, five by barium enema, and two by upper 
gastrointestinal series. Two patients’ fistulae were dem- 
onstrated by both barium enema and upper gastrointesti- 
nal series. Gastroscopy was performed in five patients, 
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TABLE 1. Gastrocolic and Gastrojejunocolic Fistulae 


at Charity Hospital in 12 Patients 
Type and Cause 


Gastrocolic 


Gastroenterostomy for peptic 
ulcer disease 


Benign gastric ulcer (not operated) ] 
Pancreatic abscess 1 
Perforated appendix with subphrenic 

and lesser sac abscess l 
Perforated diverticulum l 
Unknown l 

Gastrojejunocolic 

Gastroenterostomy for peptic 

ulcer disease 3 
Malignant disease of the colon I 
Regional enteritis l 


but the fistula was demonstrated in only two. Colonscopy 
was not performed on any patient in this series. 

The management of the 12 patients with gastrocolic and 
gastrojejunocolic fistulae (Table 3) included a one-stage 
procedure in seven. The only mortality, due to Candida 
sepsis, was in this group. Two patients had a two-stage 
procedure with neither complications nor mortality. 
Three patients were not operated upon. 

Long term followup of the patients revealed that of the 
three patients who had no operations, two died of unde- 
termined causes, and one was lost to followup. Of the nine 
remaining patients, three have been lost to follow-up. The 
remainder have been followed for periods ranging from six 
‘months to 17 years. The only one who continues to have 
problems is the patient with chronic inflammatory disease 
of the small bowel. 

The following is a case report of an unusual gastrocolic 
fistula. 


Case Report 


A S®ven-year-old Negro male was admitted to Charity Hospital on 
October 11, 1972 with a two-day history of lower abdominal pain accom- 
panied by nausea and vomiting. His past history included the usual 
childhood illnesses, but no previous operations. 

On examination the child was found to be in no distress with normal 
vital signs for his age and a temperature of 38.4C. Pertinent physical 
findings were limited to the abdomen, which was rigid, diffusely tender, 
and had no bowel sounds. 

Laboratory studies revealed a normal urinalysis, WBC count of 19,300 
with a marked shift to the left, hematocrit of 40.4% and normal electro- 
lytes. Chest and abdominal films were within normal limits. 

A diagnosis of acute perforated appendicitis was made. The patient 
was started on parenteral antibiotics and taken to the operating room 
where he was found to have a free perforation of his appendix with 
generalized contamination of the abdominal cavity. 

The patient’s postoperative course was complicated by bilateral sub- 
phrenic abscesses, a cul-de-sac abscess, lesser sac abscess and multiple 
interloop abdominal abscesses requiring four different surgical drainage 
procedures. 

In January, 1973, two and one-half months after admission to the 
hospital and six weeks after drainage of an interloop abscess, the patient 
continued to run a low-grade temperature, was losing weight, and in 
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TABLE 2. Clinical Findings in 12 Cases of Gastrocolic 
and Gastrojejunocolic Fistulae 


Pain 6 
Weight Loss 6 
Diarrhea Í 4 
Malnutrition 4 
Nausea 4. 
Anemia al gl, Ta 
Hematemsis — ae 
Abdominal mass PE aA 
Constipation — 
Fecal Vomiting 

Flatulence 

Melena 

Pain relieved by foods/antacids 
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general was doing poorly. Intravenous hyperalimentation was begun and 
an upper gastrointestinal series and barium enema were obtained inan 
effort to demonstrate additional intra-abdominal abscesses. The upper 
gastrointestinal series was within normal limits, but the barium‘enema 
demonstrated a small gastrocolic fistula between the stomach and the 
midtransverse colon. Hyperalimentation was continued for an additional 
two weeks at which time the patient underwent a right transvérse colos- 
tomy. He did well postoperatively and was dischafgéd. on: the: 10th 
postoperative day, afebrile and gaining weight. ; 
In June, 1973 barium enema showed no abnormalities with aaant 
closure of the gastrocolic fistula. His colostomy was closed and he Ras 

continued to do well and is free cf complications. — 
Discussion Rage 


ts 


Gastrocolic and gastrojejunocolic fistulae have énough | 
in common in the clinical presentation and diagnosis that | 


they can be discussed together. However, their incidetice 
and etiology differ so that a distinction between the. two 
must be made. The forerunner to the development: ‘of. a 
gastrojejunocolic fistula is the marginal ulcer, and as Tong, 
as marginal ulcers exist, an occasional fistula will develop. 
Marshall reported that one out of seven individuals. with. 
marginal ulceration develops a gastrojejunocolic fistula, - 


In his own series of 257 jejunal ulcers, 49 developéd fis: . 2 
tulae, an incidence of 18%. A report from the Henry Fords; i; 


Hospital in Detroit showed that in 81 diagnosed marginals.” 
ulcers, seven fistulae developed, an incidence:of 8.6%: ! In” 
our own series, four of five gastrojejunocolic fistulae oc- 
curred due to marginal ulcer after gastroenterostomy, but .. 
an accurate appraisal of the number of marginal-ulcers is-- 
not available. A significant question to be considered. is ` 


whether or not the incidence of gastrojejunocolic fistula. : ny 2 
has changed significantly since surgery for peptic ulcer . - — 
has become more aggressive. This question apparently ~, 


t 


cannot be answered completely as yet. Although the inci- 


dence of marginal ulcer is suggested to have fallen since -` 
the addition of vagotomy and resection to the treatment of - 


peptic ulcer, not enough cases have been reported to make 
a definite statement. However, Hardy states that the 


series reporting the usual 34 distal gastric resection have: ~ 


an incidence of marginal ulcer of less than 5% as compared 
to the incidence of 15% following gastroenterostomy 
alone.? 
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itabulated, but it remains a rarity. Carcinoma of the 
“.” “+ stomach or colon remain the commonest causes f such 
`: fistulae. In a large series from the Lahey Clinic where a 


~ combined total of 4700 cases of carcinoma of the s omach 


‘and colon were reviewed, 11 fistulae were found '* In a 
_ «review spanning 51 years from the Mayo Clinic, Smith et 
al. found 29 cases, 12 of which were associated wth car- 


‘’ cinoma of the stomach, and the remaining 17, wth car- 


cinoma of the colon.?° These, along with 167 cases re- 
ported by MacMahon and Lund, represent the mapority of 
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TABLE 3. Management and Results of Gastrocoli~ and Gastrojejunocolic Fistulae at Charity Hospital of Louisiana 
Sex Age | Etiology Type of Fistula Operative Procedure Outcome 
M 7 perforated appendix gastrocolic colostomy, hyperali- 2 years postop., 
“and intra-abdominal mentation, colostomy doing well 
a l ` abscess closure (II stage) 
ME 10 gastroenterostomy gastrocolic gastrectomy, colectomy, 2 months postop., 
Mie o for peptic ulcer (I stage) doing well 
ae oo "disease . 
A ee * 
F _ 46 pancreatic gastrocolic gastrectomy, colectomy, died 15 days 
j abscess (I stage) postop. from 
intra-abdominal 
abscess— 
Candida sepsis 
F 71 perforated gastrocolic colostomy, lost to followup 
diverticulum gastrostomy, 
colectomy, 
colostomy closure 
(GI stage) 
M. 55. - postop. gastric gastrocolic none died, cause 
EAD. o:-. “Surgery. for peptic unknown 
Ee” ricer disease 
ZAMS. "9 recutrent ulcer gastrocolic none died, cause 
ee k = : diséase. (not unknown 
ee GH a '. operated) 
ee M:. 84 unknown gastrocolic none lost to followup 
oe — PE gastrojejunocoli= resection of fistula continued to have 
* —* ue * a 
ar yi tepional enteritis and ileocolostomy problems with 
= E — primary disease 
* ne ie * 
Me 53° Y malignant disease gastrojejunocolt gastrectomy, 1 year postop., 
J Eee 3. ‘Of colon colectomy, resection gaining weight 
a — — jejunum (I stage) asymptomatic 
M A posiop. gastric gastrojejunocol= gastrectomy, asymptomatic, 17 
EES ‘surgery for peptic colectomy, resection years postop. 
Cae ulcer disease jejunum (I stage) 
B LE ri postop. gastric gastrojejunocol= revisionary lost to followup 
— - surgery for peptic gastroenterostomy, 
ulcer disease colectomy, resection = 
oS jejunum (1 stage) 
M 48 postop. gastric gastrojejunocolic revisionary lost to followup 
surgery for peptic gastroenterostomy, 
— ulcer disease colectomy, resection 
ee jejunum (J stage) 
23°. The exact incidence of gastrocolic fistula carnot be cases reported in the literature." 


Trauma, intra-abdominal abscess, tuberculosis, 
syphilis, ulcerative colitis, and unusual causes as that 
occurring as a complication of gastrostomy reported by 
Cook, have been reported.® Of particular interest, how- 
ever, is the recognition of benign gastric ulcer as a cause of 
gastrocolic fistulae. Firth reported the first case of gas- 
trocolic fistula secondary to benign gastric ulcer in 1920. 
Miller and Delaney reported 15 cases they had found in the 
world literature, and added one case of their own.'? We 
were able to find an additional 8 cases in the literature plus 
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one case of our own—reported by Ganji et al—in 1967.8 
This brings the total now to 25 cases with 18 being reported 
since 1964,5-7-9-11,13.1823 Benign gastric ulcer has become a 
prime differential in the diagnosis of gastrocolic fistula. 

The end result of such a communication in the alimen- 
tary tract can become a devastating syndrome, manifested 
by weight loss, anemia, and severe diarrhea with fecal 
vomiting. The mechanism of this syndrome was uncertain 
until Kiskaddon, Templeton, and Renshaw reported an 
extensive experimental and clinical investigation to 
document the pathogenesis of this syndrome.?* They con- 
cluded that deranged digestive and absorptive functions of 
the small intestine, caused by the regurgitation of colonic 
contents through the fistula into the stomach, bring about 
the syndrome. Damage occurs by transit of fecal material 
through the small intestine. 

The diagnosis of gastrocolic or gastrojejunocolic fistula 
is not a difficult one and can often be made on the basis of 
history and physical examination alone. The majority of 
these patients will present with the classic symptoms of 
diarrhea, weight loss and feculent vomiting, and in the 
case of gastrojejunocolic fistula will usually have some 
previous history of peptic ulcer disease and gastric 
surgery. Most will present a picture of severe malnutrition 
with dehydration and electrolyte imbalance. 

Laboratory findings usually reflect a severe state of 
malnutrition and dehydration with electrolyte imbalance, 
diminished serum proteins and vitamin deficiencies. A 
slight leukocytosis may be present as well as a mild to 
moderate anemia which may be observed because of 
hemoconcentration. Gastric acidity has been shown to be 
of little value; however, the quality of nasogastric aspira- 
tion may be significant if fecal material is aspirated. 

The most reliable diagnostic aid in establishing this 
= diagnosis is the barium enema. In 1960, Thoeny, Hodgson 
and Scudamore studied 66 gastrojejunocolic or gastrocolic 
fistul#e in 65 patients and found that barium enema was 
the most accurate roentgenologic means of diagnosis.”! 
They reported a 95% success rate with barium enema as 
opposed to only 27% with upper gastrointestinal series in 
both types of fistulae. 

Other diagnostic aids such as gastroscopy and colonos- 
copy have not thus far been proven to be as beneficial 
diagnostically. However, with recent advances in 
technology and more experienced endoscopists, these 
procedures should be considered in the. preoperative 
evaluation of these patients. Other simple diagnostic aids 
may be of some benefit. Once such test involves place- 
ment of a nasogastric tube, followed by a high enema of 
tap water with indigo carmin. The nasogastric aspirant is 
then observed for presence of the dye, and if positive 
indicates a communication between the stomach and col- 
on.!9 

Because of the debilitating nature of gastrocolic and 
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gastrojejunocolic fistulae, careful clinical.and laboratory ` 
evaluation must be carried out in the preoperative period. 
Many of these patients are malnourished, anemic, and in 
electrolyte imbalance. In a series of cases reported from 
the Mayo Clinic over 50% of patients were noted to have 


clinical evidence of avitaminosis.* These. conditions „a“ 
should be corrected as nearly as possible preoperatively... on 


An important adjunct to the management of these. patients’ 
is intravenous hyperalimentation. This is an excellent 
method of replacing deficiencies in calories, protein, and 
vitamins in the debilitated patient, particularly those who 
cannot tolerate oral feedings. 

In addition to the case reported here in which a gas- 
trocolic fistula was managed by diverting colostomy and 
hyperalimentation, a case managed in a similar manner 
was reported by Miller.” In that case the fistula also 
closed after the diverting colostomy was created and 
hyperalimentation utilized. However, definitive surgery 
was subsequently carried out in this patient for correction 


of his ulcer diathesis. Perhaps this method of. “management. he 
should be considered in selected cases, thus. obviating nd | 


need for extensive surgical procedures in some: patients. 
Systemic antibiotics are usually not needed i in 1 the | preps © 


yt 


present. However, oral anubis are usually: —— 


tered for the purpose of bowel preparation’, -Prior “to. 
surgery. In our institution oral kanamycin with: laxatives 
and cleansing enemas is used for preparing the colon. Tory; 
surgery. —— 
Over the years the surgical management ‘of gastrogolic ; 
and gastrojujunocolic fistulae has varied a great deal, fang- i 
ing from simple colostomy to three-stage procedurés'¢on-. 


sisting of colostomy followed by resection of the: fistula, - l i 
followed by closure of the colostomy. As was ‘stated ear- 3 a 
lier, the mechanism of this syndrome is the transit-of fecal: 


material through the small intestine with stibgequent des)” 
rangement of digestive and absorptive functions... aise 
It should be noted that all of these procedures | have one 
thing in common—the diversion of the fecal stream away 
from the upper gastrointestinal tract, which allows the 


small intestine to function normally. This makes these. , 
procedures beneficial in the management of gastrocolic: — 
and gastrojejunocolic fistulae. Prior to the 1930s treatment 
generally consisted of resection of the fistula without at-. “7 
tempts at correction of the ulcer diathesis. Recurrence 
rates of ulcer and/or fistula were high. Localio, Stone ard ee 


Hinton reviewed 115 cases between 1943 and 1953 and $ 


found a recurrence rate of 50% among those treated with ..-.. 
resection of the fistula as compared with 4% among those * : 


treated with correction of the ulcer diathesis.'4 


In the late 1930s defunctionalizing colostomies and ` - 
staged operative procedures became popular in the treat-’ - . 


ment of fistulae of either benign or malignant origin. Pfeif- 
fer and Kent proposed the simplest of these which was a 
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1940°s made the one-stage procedure with correction of 


| thige-stage procedure consisting of: 1) colostomy” 2) re- 
section of the fistula; and 3) closure of colostomy. The 
obvious disadvantage to this is that three major surgical 
procedures are required: Lahey in 1938 proposed a two- 
stage procedure consisting of a proximal defunctioralizing 
, ileosigméidostomy followed by resection of the “stula, 
‘Subtotal gastrectomy and colectomy, thus obviat:zng the 
neéd for a third-stage, colostomy closure.'* This proce- 


dire also ‘had’ other advantages such as maintenence of 


bowel continuity as well as absence of skin contam_nation 
arid lack of fixation of the hepatic flexure. This prozedure 
significantly reduced the mortality and morbidity in the 
treatment of this disease and was generally accepted as the 
procedure of choice. 


Despite the advantages of Lahey’s procedure end the 


significant reduction in the mortality and moroidity, 
steady advances in pre- and postoperative care dumng the 


the fistula and ulcer diathesis seem more feasible. With 
; Progress. in antibiotic therapy, blood replacement. and a 


eater ‘Knowledge of electrolyte balance, the mertality 


any ‘giorbidity of: such extensive procedures was signifi- 
7 cantly. reduced. Barber, Waugh, and Priestly reviewed 76 
se: ¿patients who: underwent one stage procedures from 1941 
“to, 1960: for: gastrojejuriocolic fistulae due to peptic ulcer 
‘diséasé:4 Sixty- three of these patients were followed up to 
five years. The mortality rate was 2.6% and ther were 
*.threé® recurrétices for a rate of 4.3%. There are several 
~ sthaller: series studied with similarly good results. Mar- 
‘shall’ et; ‘al. pointed out the steady decline in of2rative 
_,. Mortality, from 25% in 1927-1936 to 4% in 19=7-1946 
when, the’ two-stage procedure was commonly employed, 
. iy Ho. HG: deaths from 1947-1955 when the one stage prccedure 
4 was ‘performed i in 18 cases.'6 


“Data available at the present time seem to indiczte that 


S thie one-stage procedure consisting of resection. of the 
“fistula, colectomy, and subtotal gastrectomy ts feasible in 
“selected — with gastrocolic or gaſtrojejunocolic fis- 


tulae. 
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COMPLICATIONS IN VASCULAR 
SURGERY 


Edited by Hugh G. Beebe, M.D. With 18 Contributors. 


Outstanding vascular surgeons from all sections of the country 
have pooled their composite experience and knowledge for this 
in-depth work. Each has written on a specific vascular complica- 
tion and gives you the benefit of his expertise in this area. Three 
objectives are always in view: 1) To help you prevent complica- 
tions where the causes are known and can be anticipated. 2) To 
provide you with a clear guide to the management of complica- 
tions. 3) To establish a foundation of information from which 
you can deal logically and effectively with problems not described. 


This work reaps the benefit of significant appraisals of the long- 
term follow-up studies that became possible during the last ten 
years. An analysis of the results obtained with various surgical 
approaches during that time has made it now possible and prac- 
tical to develop meaningful guidelines. 
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when pain goes on... 
and on... 
and on- 











the analgesic formula that calms instead of caffeinates 


For the patient with a terminal illness, PAIN past, present, and future can dominate — 
his thoughts until it becomes almost an obsession. The more he is aware of the pain 
he is.now experiencing, the more difficult it is to erase his memory of yesterday's 
pain, and to allay his fearful anticipation of tomorrow's pain. 


Surely the last thing this patient needs is an analgesic containing caffeine to stimulate 
the senses and heighten pain awareness. A far more logical choice is Phenaphen 
with Codeine. The sensible formula provides Vs grain of phenobarbital to take 

the nervous “edge” off, so the rest.of the formula can help control the pain more 
effectively. Don't you agree, Doctor, that psychic distress is an important factor 

n most of your terminal and long-term convalescent patients? 
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Phenaphen with Codeine No. 2, 3, or 4 contains Phenobarbital 
(4 gr.), 16.2 mg. (warning: may be habit forming), Aspirin 

(2% gr.), 162.0 mg.; Phenacetin (3 gr.), 194.0 mg.; Codeine 
phosphate, 14 gr. (No. 2), Y2 gr. (No. 3) or 1 gr. (No. 4) (warning: 
may be habit forming). 


indications: Provides relief in severe grades of pain, on low 
codeine dosage, with minimal possibility of side effects. Its use 
frequently makes unnecessary the use of addicting narcotics. 
Contraindications: Hypersensitivity to any of the components. 
Precautions: As with all phenacetin-containing products, 
“excessive or prolonged use should be avoided. Side effects: 
Side effects are uncommon, although nausea, constipation and 
- r. Dosage: Phenaphen No. 2 and No. 3— 
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Q: Whatis the nature of bacterial resistance to 


GARAMYCIN (gentamicin sulfate) ? 


A: Resistance has been shown, in the labora- 
tory, to develop slowly in stepwise fashion. 

No one-step mutations to high resistance have 
been reported to date. 


Q: What has been the experience concerning 
the potential for resistance to gentamicin? 


A: After a year of isolating urinary tract 
pathogens in the laboratory of a 15-physician 
group practice in order to tabulate antibiotic 
resistance, Bauer' reported that common 
uropathogens were highly susceptibleto 
gentamicin. Discussing their ongoing comput- 
erized studies of in vitro susceptibility of 
Clinical isolates, Truant and co-workers? noted 
that gentamicin was the most effective in vitro 
of the chemotherapeutic agents they were 


WARNING 


Patients treated with GARAMYCIN Injectable should be 
under close clinical observation because of the potential 
toxicity associated with the use of this drug. 

Ototoxicity, both vestibular and auditory, ean occur 
in patients, primarily those with pre-existing renal damage, 
treated with GARAMYCIN Injectable, usuallytor longer 
periods or with higher doses than recommended. 

GARAMYCIN Injectable is potentially nephrotoxic, and 
this should be kept in mind when it is used in patients with 
pre-existing renal impairment. 

Monitoring of renal and eighth nerve function is recom- 
mended during therapy of patients with known impairment 
of renal function. This testing is also recommended in 
patients with normal renal function at onsetof therapy who 
develop evidence of nitrogen retention (increasing BUN, 
NPN, creatinine or oliguria). Evidence of otetoxicity re- 
quires dosage adjustments or discontinuance of the drug. 
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employing. In a survey of the published 
studies on resistance to gentamicin, Weinstein 
and co-workers? found little change from 1963 
to 1970 in the relatively high percentage of 
bacterial strains sensitive to gentamicin. /n vitro 
sensitivity was determined in all cases by 
the tube-dilution method. 


Q: Are gentamicin-resistant mutants of 
medical significance? 


A: A laboratory study of strains resistant to 
gentamicin in vitro suggests that mutants that 
are gentamicin-resistant “...are probably 

of negligible medical significance,” according 
to Weinstein and co-workers.’ This is because 
the mutants were found to need exceptionally 
good conditions for growth and were rather 
unstable genetically. Accordingly, “These 
characteristics result in competitive disadvan- 
tages for these strains under natural 
conditions. ...”3 


In event of overdose or toxic reactions, peritoneal 
dialysis or hemodialysis will aid in removal of gentamicin 
from the blood. 

Serum concentrations should be monitored when 
feasible and prolonged concentrations above 12 mcg./ml. 
should be avoided. 

Concurrent use of other neurotoxic and/or nephrotoxic 
drugs, particularly streptomycin, neomycin, kanamycin, 
cephaloridine, viomycin, polymyxin B, and polymyxin E 
(colistin), should be avoided. 

The concurrent use of gentamicin with potent diuretics 
should be avoided, since certain diuretics by themselves 
may cause ototoxicity. In addition, when administered 
intravenously, diuretics may cause a rise in gentamicin 
serum level and potentiate neurotoxicity. 


USAGE IN PREGNANCY Safety for use in pregnancy has 
not been established. 


Q: Has there been any change over the past 
four years in the in vitro susceptibility 

of major gram-negative pathogens to 
GARAMYCIN Injectable? 


A: Gram-negative pathogens, recently 
identified and tested, demonstrated high sus- 
ceptibility (96 per cent ) toGARAMYCIN. 

From 1970 through 1973, there was virtually no 
decrease in the percentage of strains of 

major gram-negative pathogens susceptible 
to GARAMYCIN. 


In Vitro Pathogen Susceptibility 











to Gentamicin, 1970-'73 
1970 1971 1972-73 
Gram-negative 
Susceptibility 97% 97% 96% 
— — 
No. of patient tests 9,007* 12,507* 4, 642** 
aen a 
Escherichia coli 97% 98% 98% 
Proteus species, 
indole-negative 98 99 97 
Proteus species, 
indole-positive 98 96 96 
Pseudomonas 
aeruginosa 95 95 94 
Klebsiella- 
Enterobacter- 
Serratia 100 100 98 
Klebsiella 
pneumoniae 100 100 98 
Klebsiella, 
all others 97 99 98 
Gram-positive 
Susceptibility 
No. of patient tests 2,698* 2,962* 1,122** 
men ie Sis OS A 
Staphylococcus 
aureus 96 % 95% 95% 





Source: |.M.S. Audit of Pathology Cultures, 1970-'73. 

These in vitro data are based on results obtained from 
hospitals in a nationwide audit. ("represents sample data 
from over 100 hospitals; **represents projections based 
on sample data from over 200 hospitals—add 000). The 
pathogens tested were obtained from all inpatient and 
outpatient services. 


in vitro susceptibility data are not necessarily indicative 
of clinical effectiveness. 
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Q: Is R factor-determined resistance to 
gentamicin a clinical problem? 


A: Very few problems have occurred to date 
with R factor-determined resistance to 
gentamicin. In all cases, this resistance has 
been controlled. In one clinical emergence in 
the United States, a resistant strain of K/eb- 
siella pneumoniae was identified that caused 
an outbreak of infections at a Washington, D.C. 
hospital. Control measures were instituted, 
including a ban on the use of topical gentamicin 
and revision of hospital antiseptic procedures 
and “despite continued parenteral usage 

of gentamicin, the outbreak was successfully 
suppressed.’ 


Q: What has been the pattern of resistance 
to GARAMYCIN Injectable over an eight-year 
period (1963-1971) in investigational and 
clinical use? 


As One investigator noted: “In the experience 
so far with [gentamicin], which is 7 or 8 years, 
in centers where it’s been restricted to 
parenteral use, resistance has not appreciably 
changed.’’s Another authority® “...found very 
little emergence of resistance..." during eight 
years of use. 
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serious gram-negative 
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sulfate 40mg,./ml. 


Each mi contains gentamicin sulfate 
equivalent to 40 mg. gentamicin 


See Clinical Considerations section which follows... 
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GARAMYCIN® Injectable 

brand of gentamicin sulfate, 

U.S.P., injection, 40 mg. per mi. 
Each mi. contains gentamicin sulfate 
equivalent to 40 mg. gentamicin 

For Parenteral Administration 


WARNING 

Patients treated with GARAMYCIN 
Injectable should be under close clini- 
cal observation because of the potential 
toxicity associated with the use of 
this drug. 

Ototoxicity, both vestibular and 
auditory, can occur in patients, pri- 
marily those with pre-existing renal 
damage, treated with GARAMYCIN 
injectable, usually for longer periods 
or with higher doses than recommended. 

GARAMYCIN Injectable is ely eter id 
nephrotoxic, and this should be kept 
in mind when it is used in patients with 
pre-existing renal impairment. 

Monitoring of renal and eighth nerve 
function is recommended during therapy 
of patients with known impairment of 
renal function. This testing is also 
recommended in patients with normal 
renal function at onset of therapy who 
develop evidence of nitrogen retention 
(increasing BUN, NPN, creatinine or 
oliguria). Evidence of ototoxicity 
requires dosage adjustments or dis- 
continuance of the drug. 

In event of overdose or toxic 
reactions, peritoneal dialysis or hemo- 
dialysis will aid in removal of gentamicin 
from the blood. 

Serum concentrations should be 
monitored when feasible and prolonged 
concentrations above 12 mcg./mi. 
should be avoided. 

Concurrent use of other neurotoxic 
and/or nephrotoxic drugs, particularly 
streptomycin, neomycin, kanamycin, 
cephaloridine, viomycin, polymyxin B, 
and polymyxin E (colistin), should 
be avoided. 

The concurrent use of gentamicin 
with potent diuretics should be avoided, 
since certain diuretics by themselves 
may Cause ototoxicity. In addition, when 
administered intravenously, diuretics 
may Cause a rise in gentamicin serum 
level and potentiate neurotoxicity. 
USAGE IN PREGNANCY Safety for use 
in pregnancy has not been established. 


INDICATIONS GARAMYCIN Injectable is 
indicated, with due regard for relative 
toxicity of antibiotics, in the treatment of 
serious infections caused by susceptible 
strains of the following microorganisms: 

Pseudomonas aeruginosa, Proteus 
species (indole-positive and indole- 
negative), Escherichia coli and Klebsiella- 
Enterobacter-Serratia species. 

Clinical studies have shown 
GARAMYCIN Injectable to be effective 
in septicemia and serious infections of 
the central nervous system (meningitis), 
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injectable 
40mg./mli. 


Each mi. contains gentamicin sulfate 
equivalent ‘9 40 mq. gentamicin 


A highly appropriate 


spectrum for today's 
problem gram-negative 
pathogens. 


|.V./1.M. versatility. 


Little emergence of bacterial 
resistance to date. 
Relatively low incidence of 


adverse reactions 
when used as directed. 


Proven Clinical efficacy. 


urinary tract, respiratory tract, gastro- 
intestinal tract, skin and soft tissue 
(including burns). 

Bacteriologic tests to determine the 
causative organisms and their suscepti- 
bility toegentamicin should be performed. 

Bacterial resistance to gentamicin 
develops slowly in stepwise fashion; there 
have been no one-step mutations to 
high res stance. 

In suspected or documented gram- 
negative sepsis, GARAMYCIN may be 
considered as initial therapy. The decision 
to contimue therapy with this drug should 
be based on the results of susceptibility 
tests, the severity of the infection, and 
the impcrtant additional concepts con- 
tained in the Warning Box. 

For suspected sepsis when the infecting 
organism is unknown, gentamicin may be 
administered in conjunction with a 
penicillin-type drug. Following identifica- 
tion of the organism and its susceptibility, 
appropriate antibiotic therapy should 
then be continued. In the neonate with 
suspected sepsis or staphylococcal 
pneumonea, a penicillin-type drug is also 
usually irdicated as concomitant therapy 
with gentamicin. 

GARANYCIN Injectable has been shown 
to be effective in serious staphylococcal 
infections. It may be considered in those 
infectionswhen penicillins or other less 
potentially toxic drugs are contraindicated 
and bacterial susceptibility testing and 
clinical judgment indicate its use. 
CONTRAINDICATIONS A history of hyper- 
sensitivityto gentamicin is a contra- 
indication to its use. 

WARNINGS See Warning Box. 
PRECAUTIONS Neuromuscular blockade 
and respiratory paralysis have been 
reported in the cat receiving high doses 
(40 mg./kc.) of gentamicin. The possi- 
bility of these phenomena occurring in 
man should be considered if gentamicin 
is administered to patients receiving 
neuromuscular blocking agents such as 
succinyicheline and tubocurarine. 

Treatment with gentamicin may result 
in overgrowth of nonsusceptible organ- 
isms. If this occurs, appropriate therapy 
is indicatec 
ADVERSE REACTIONS 
Nephrotoxieity: Adverse renal effects, 
as demonstrated by rising BUN, NPN, 
serum creatinine and oliguria, have been 
reported. They occur more frequently 
in patients with a history of renal impair- 
ment treated with larger than recom- 
mended dosage. 

Neurotoxicity: Adverse effects on both 
vestibular ad auditory branches of the 
eighth nerve have been reported in 
patients on high dosage and/or prolonged 
therapy. Symptoms include dizziness, 
vertigo, tinnitus, roaring in the ears and 
hearing loss 

Numbness,-skin tingling, muscle 
twitching, ard convulsions have also 
been reported. 

Note: The risx of toxic reactions is low 

in patients with normal renal function 
who do not receive GARAMYCIN Inject- 
able at higher doses or for longer periods 
of time than @commended. 


Other reported adverse reactions, 
possibly related to gentamicin, include 
increased serum transaminase (SGOT, 
SGPT), increased serum bilirubin, tran- 
sient hepatomegaly, decreased serum 
calcium; splenomegaly, anemia, increased 
and decreased reticulocyte counts, 
granulocytopenia, thrombocytopenia, 
purpura; fever, rash, itching, urticaria, 
generalized burning, joint pain, laryngeal 
edema; nausea, vomiting, headache, 
increased salivation, lethargy and de- 
creased appetite, weight loss, pulmonary 
fibrosis, hypotension and hypertension. 
DOSAGE AND ADMINISTRATION 
GARAMYCIN Injectable may be given 
intramuscularly or intravenously. 

For intramuscular Administration: 
Patients with normal renal tunction* 

Adults: The recommended dosage for 
GARAMYCIN Injectable for patients with 
serious infections and normal renal 
function is 3 mg./kg./day, administered 
in three equal doses every 8 hours. 

For patients weighing over 60 kg. 

(132 Ibs.), the usual dosage is 80 mg. 

(2 mi.) three times daily. For patients 
weighing 60 kg. (132 Ib.) or less, the usual 
dosage is 60 mg. (1.5 mi.) three times 
daily. 

In patients with life-threatening 
infections, dosages up to 5 mg./kg./day 
may be administered in three or four 
equal doses. This dosage should be 
reduced to 3 mg./kg./day as soon as 
Clinically indicated. 

*In children and infants, the newborn, 
and patients with impaired renal tunction, 
dosage must be adjusted in accordance 
with instructions set forth in the 
Package Insert. 

For Intravenous Administration: 

The intravenous administration of 
GARAMYCIN Injectable is recommended 
in those circumstances when the intra- 
muscular route is not feasible (e.g., 
patients in shock, with hematologic 
disorders, with severe burns, or with 
reduced muscle mass), 

For intravenous administration, in 
adults, a single dose of GARAMYCIN 
Injectable may be diluted in 100 or 200 ml. 
of sterile normal saline or in a sterile 
solution of dextrose 5% in water; in 
infants and children, the volume of diluent 
should be less. The concentration of 
gentamicin in solution in both instances 
should normally not exceed 1 mg./mi. 
(0.1%). The solution is infused over a 
period of 1 to 2 hours. 

The recommended dose for intravenous 
administration is identical to that 
recommended for intramuscular use. 

GARAMYCIN Injectable should not be 
physically premixed with other drugs, but 
should be administered separately in 
accordance with the recommended route 
of administration and dosage schedule. 
HOW SUPPLIED GARAMYCIN Injectable, 
40 mg. per ml., 2 mi. multiple-dose vials 
for parenteral administration. 

Also available, GARAMYCIN Pediatric 
Injectable, 10 mg. per ml., 2 mi. multiple- 
dose vials for parenteral administration. 
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How much has her rheumatoid arthritis improved? 
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Ring Size— measured in millimeters to evaluate 
swelling of finger joints 
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Grip strength — measured in millimeters of 
mercury using a rolled sphygmomanometer cuff 








Walking time — determined by the number of 
seconds required to walk 50 feet 
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Inflammation index — arrived at by ascribing 
values of 1 to 4 to degree of pain, redness, swelling, 
tenderness, and presence of joint fluid; then 
totalling five parameters 


Ascriptin helps her get the most from aspirin therapy 


When you specify Ascriptin, you're specifying Maalox" -protected aspirin. Ascriptin 
eases joint pain, stiffness and inflammation, while guarding against aspirin-induced 
gastric distress. That means your patient is more likely to tolerate the high dosage 


level of aspirin required to reduce arthritic 

inflammation. Thus, the patient will stay 

with an optimal dosage over an extended 

period, hopefully showing greater improve- 

ment. After all, if dosage is optimal, 

chances are that therapeutic benefits of 
) Ascriptin will be, too. 


the Maalox‘ -protected aspirin | 


in rheumatoid and osteoarthritis 
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A New Oral 
Antibiotic with these 
Important Features: 


a Bactericidal activity in vitro. 


= Effective against a wide range of Gram-positive and 
Gram-negative infections due to susceptible organisms: 


Respiratory tract infections caused by group A 
beta-hemolytic streptococci and D. pneumoniae. 


Urinary tract infections caused by E. coli, Pr. mirabilis, 
and Klebsiella species. 
Skin and soft-tissue infections caused by staphylococci. 


Otitis media caused by group A beta-hemolytic 
streptococci, D. pneumoniae, H. influenzae and staphylococci. 


Culture and susceptibility tests should be initiated prior to and during 
therapy. Renal function studies should be performed when indicated. 


= Documented safety. 


= Rapidly absorbed. Average peak serum levels within 1 hour. 


(Approximately 9 and 16.5 mcg./ml. at 1 hour with 250 and 500 mg. capsules, 
respectively, in normal adult volunteers. ) 


a High urinary levels. 


(Peak concentration of approximately 3200 mcg./ml. with 500 mg. capsule dose 
in normal adult volunteers. ) 


= Excreted essentially unchanged in the urine. 
= Acid stable. Can be given without regard to meals. 


‘Anspor is contraindicated in patients with known hypersensitivity to 
the cephalosporins. In penicillin-sensitive patients, cephalosporin C 
derivatives should be used with great caution because of evidence of 
partial cross-allergenicity of the penicillins and the cephalosporins. 


Adverse Reactions 


The following adverse reactions have been reported: glossitis, nausea, 
vomiting, diarrhea or loose stools, abdominal pain and heartburn; mild 
urticaria or skin rash, pruritus, joint pains; transient eosinophilia, 
leukopenia, neutropenia; transient rise of SGOT, SGPT, total bilirubin, 
BUN; dizziness, tightness in the chest, and candidal vaginitis. 


For a brief summary of prescribing information, including indications, 
contraindications, warnings, precautions, adverse reactions, and dosage, 
please see the following page. 
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BRANDoOF 


SK&F ee CEPHRADINE 


hom ANSPOF 


capsules: 250 and 500 mg. 


$- for oral suspension: 125 and 250 mg./5 ml. 
į 
Before prescribing, see complete prescribing information in SKGF Administer with caution in presence of markedly impaired renal func 
literature. The following is a brief summary. In known or suspected renal impairment, careful clinical observatior 
DESCRIPTION appropriate laboratory studies should be made prior to and during 
Anspor (cephradine, Sk&F) is a semi-synthetic cephalosporin antibiotic therapy as cephradine ac cumulates in the serum and tissues. See DC 
chemically designated as 7-| D-2-amino-2-( 1,4-cyclohexadien-1-yl) AND ADMINISTRATION section for information on treatment of patie) 
acetamido |-3-methy|-8-ox0-5-thia-1-azabicyclo 4.2.0 |-oct-2-ene-2- with impaired renal function. 
carboxylic acid. Prolonged use of antibiotics may promote the overgrowth of non- 
ACTIONS susceptible organisms. Take appropriate measures if superinfection 
Microbiology: In vitro tests demonstrate that the cephalosporins are occurs during therapy. 
bactericidal because of their inhibition of cell-wall synthesis. Cephradine After cephradine therapy, a false positive reaction for glucose in the ı 
is active against the following organisms in vitro may occur with Benedict's solution, Fehling's solution, or with Clinite 
Beta-hemolytic streptococci Diplococcus pneumoniae tablets, but not with enzyme-based tests such as Clinistix® and Tes-1 
Staphylococci, including coagulase- Escherichia coli A positive Coombs test may be due to the drug. 
positive. coagulase-negative, Proteus mirabilis Indicated surgical procedures should be performed in conjunction wi 
and penicillinase-producing strains Klebsiella sp. antibiotic therapy. 


Hemoohilus influenzae 


: | i ADVERSE REACTIONS 
Note — Some strains of enterococci (Streptococcus faec ais) are resistan to F he following adverse reactions have been reported: 


cephradine. It is not active against most strains of Enterobacter sp., Pr 
morganii and Pr vulgaris. It has no activity against Pseudomonas or Herellea 
species. When tested by in vitro methods, staphylococci exhibit cross- 


Gastrointestinal: Glossitis, nausea, vomiting, diarrhea or loose stool 
abdominal pain and heartburn, 


resistance between cephradine and methicillin-type antibiotics. Skin and Hypersensitivity Reactions: Mild urticaria or skin rash, prur 
INDICATIONS and joint pains. 

Anspor (cephradine, SkGF) is indicated in the treatment of the following Blood: Mild, transient eosinophilia, leukopenia and neutropenia. 
infections when caused by susceptible strains of designated micro- Liver: Transient mild rise of SGOT, SGPT, and total bilirubin with no 
organisms. evidence of hepatocellular damage. 

Infections of the respiratory tract (e.g., tonsillitis, pharyngitis, and lobar Renal: Transitory rises in BUN. In adults for whom serum creatinine 
pneumonia) caused by group A beta-hemolytic streptococci and D determinations were performed, the rise in BUN was not accompanie 
pneumoniae by a rise in serum creatinine. 

(Penicillin is the usual drug of choice in the treatment and prevention of Other adverse reactions have included dizziness and tightness in the: 
streptococcal infections, including the prophylaxis of rheumatic fever. and candidal vaginitis. 

‘Anspor is generally effective in the eradication of streptococci from the DOSAGE AND ADMINISTRATION 


nasopharynx; substantial data establishing the efficacy of ‘Anspor in 


Anspor (cephradine, skaf ) may be given without regard to meals. 
the subsequent prevention of rheumatic fever are not available at present.) P P meg g 


Adults: For skin and soft-tissue and respiratory tract infections (other 
than lobar pneumonia), the usual dose is 250 mg. q.i.d. in equally spa 
doses. For acute infections of the urinary tract, including prostatitis, a 


Otitis media caused by group A beta-hemolytic streptococci, 1). pneumoniae. 
Hemophilus influenzae and staphylococci. 


Infections of the skin and soft tissues caused by staphylococci. pneumococcal lobar pneumonia, the usual dose is 500 mg. q.i.d. in 
Infections of the urinary tract, including prostatitis, caused by Escherichia equally spaced doses; severe or chronic infections may require larger 
coli. Pr mirabilis. and Klebsiella species. doses. 
Note— Culture and susceptibility tests should be initiated prior to and Children: The usual dose is 25 to 50 mg./kg./day total, q.i.d. in equall 
during therapy. Renal function studies should be performed when divided and spaced doses. For otitis media due to H. influenzae, doses | 
indicated. 73 to 100 mg./kq./day in equally divided and spaced doses are recom 
CONTRAINDICATIONS mended. Maximum dose should not exceed 4 grams per day. 
Anspor (cephradine, SK&F ) is contraindicated in patients with known All patients, regardless of age and weight: Larger doses (upto 1 gram 
hypersensitivity to the cephalosporin group of antibiotics. q.i.d.) may be given for severe or chronic infections, 
WARNINGS In patients with impaired renai function, a modified dosage schedule 
IN PENICILLIN-SENSITIVE PATIENTS, CEPHALOSPORIN C DERWA- necessary. Consider each patient individually utilizing the following 
TIVES SHOULD BE USED WITH GREAT CAUTION. THERE IS guideline: In adults, initial loading dose is 750 mg. and maintenance d 
CLINICAL AND LABORATORY EVIDENCE OF PARTIAL CROSS- is 500 mg. at following time intervals: creatinine clearance >20 mi./m 
ALLERGENICITY OF THE PENICILLINS AND THE CEPHALOSPOPINS. 6-12 hours between doses; creatinine clearance 15-19 ml./min., 12-24 

“AND THERE ARE INSTANCES OF PATIENTS WHO HAVE HAD hours between doses; creatinine clearance 10-14 ml./min., 24-40 hou 
REACTIONS TO BOTH DRUGS (INCLUDING FATAL ANAPHYLAMS between doses; creatinine clearance 5-9 ml./min., 40-50 hours betwee 
AFTER PARENTERAL USE). doses; creatinine clearance <5 mi./min., 50-70 hours between doses. 

a, Any patient who has demonstrated some form of allergy, particularly te Further modification may be necessary in children. 
e».-drugs, should receive antibiotics cautiously and then only when absolutely HOW SUPPLIED 
*SSaecessary. ANSPOR (cephradine, sker) Capsules — 250 and 500 mg. 
Usage in Pregnancy and Lactation: Safety of this product for use in ‘ANSPOR' for Oral Suspension—Pleasant fruit-flavored oral suspension 
pregnancy has not been established. Cephradine is secreted in breast which, after reconstitution, provides 125 mg. or 250 mg. of cephradine p 
i milk-during lactation. 5 ml. teaspoonful. 


PRECAUTIONS 
- Follow patients closely to detect side effects or unusual manifestations of 


rug idiosyncrasy. If hypersensitivity reaction occurs, discontinue druc à r . 
and treat patient with usual agents, e.g., pressor amines, antihistamines, SKSF Smith Kline & French Laboratories 
or corticosteroids. ` Division of SmithKline Corporation, Philadelphia, Pa. 19101 


‘A New Oral Antibiotic 
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PAIN RELIEF 
FOR THE MAJORITY 


NO.4-for pain intensity below the need for injectables 


As arule, only pain that requires morphine is beyond the scope 
of Empirin® Compound with Codeine No. 4. That’s because it 
delivers a full grain of codeine. (In the preferred phosphate 
form.) Its antitussive action is particularly appreciated by 
patients with fractured ribs, and following chest or abdominal 
Be i surgery. Its low addiction liability is a bonus for all patients who 
require potent analgesia. 


NO.3-for almost all other kinds of lesser pain 


Most other kinds of lesser pain respond to Empirin Compound 
with Codeine No. 3—whether musculoskeletal, neurological, 
soft-tissue or visceral. One might say No. 3 is an “all-purpose” 


analgesic — not too little, not — F Wellcome Co. 
Wellcome 








too much. Just right for your Research Triangle Park 
out-patients in these categories. North Carolina 27709 


Wherever it hurts 


EMPIRIN COMPOUND ¢ CODEINE 


No.3, codeine phosphate*(32.4 mg) gr %- No.4, codeine phosphate*(64.8 mg) grl 


Eaeh tablet also contains aspirin gr 344, phenacetin gr 244, cafteine gr ¥. 


*Warning —may be habit-forming 
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